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This  is  the  Final  Report  for  the  Great  Lakes  and  St.  Lawrence  Seaway  Navigation 
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condition,  the  Chief  of  Engineers  16  November  1977  report  which  recommends  the 
extension  of  the  navigation  season  on  the  upper  four  Great  Lakes  to 
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Federal  participation  in  Navigation  Season  Extension  is  desirable,  and  its  extent, 
if  any  to  address  the  significant  social,  environmental,  economic,  engineering, 
and  institutional  aspects',  and,  to  make  a  recommendation  for  Congressional 
consideration  based  on  these  findings. 

This  Final  Report  evaluates  six  proposals,  considering  various  season  lengths  and 
geographic  coverages,  to  further  extend  the  navigation  seaso"  on  the  entire 
Great  Lakes/St.  Lawrence  Seaway  System  up  to  12  months  on  the  upper  four  Great  Lakes, 
and  up  to  11  months  on  the  Welland  Canal,  Lake  Ontario  and  the  Int|rnjtTional  Section 
of  the  St.  Lawrence  River.  This  report  relates  U.  S.  costs  to  U.  S.  Benefits. 

This  study  concludes  that  season  extension  is  engineering! y  and  economically  1 
feasible  year-round  on  the  upper  three  Great  Lakes,  up  to  year-round  on  the 
St  Clair  River-Lake  St.  Clair-Detroit  River  System  and  Lake  Erie,  and  ud  to 
lOmonths  on  Lake  Ontario  and  the  International  Section  of  the  St.  Lawrence  River. 

It  is  recognized  that  formal  agreement  with  the  Government  of  Canada  is  required 
for  any  extension  on  the  system  beyond  the  upper  three  Great  Lakes.  To  assure  and 
to  confirm  environmental  and  social  feasibility  of  this  program,  an  Environmental 
Plan  of  Action  (EPOS)  would  be  accomplished  concurrently  with  implementation  and 
execution  of  post-authorization  planning,  engineering,  construction  and  operations 
with  provisions  to  modify  or  stop  the  program  if  unacceptable  environmental  mocCuS 
surface.  The  District  Engineer  recommends  that  the  project,  as  described  above, 
be  implemented. 
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SOCIAL  ASPECTS  OF  A  WINTER  NAVIGATION  PROGRAM 


INTRODUCTION 

Background 

While  existing  Federal  legislation  does  not  prohibit  system-wide 
winter  navigation,  the  Great  Lakes-St.  Lawrence  Seaway  System  has 
traditionally  been  forborne  by  shippers,  generally  from  mid-December 
until  early  April,  except  for  a  long  history  of  intralake  winter 
navigation  in  some  areas.  With  the  closing  of  the  system, 
commodities  normally  shipped  on  the  waterway  system  are  either  moved 
by  more  expensive  and  more  energy-intensive  modes  of  transportation 
or  are  maintained  in  stockpiles  to  meet  winter  needs.  An  extended 
navigation  season  would  benefit  the  users  of  commodities  by  providing 
less  costly  water  transportation  in  the  winter  and  by  reducing 
capital  investments  in  stockpiling  and  handling  costs.  An  extended 
season  would  also  result  in  more  efficient  return  on  the  carriers' 
investment  in  the  vessel  fleet,  greater  utilization  of  the  public 
investment  in  navigation  improvements  in  the  system,  and  greater 
access  to  foreign  and  domestic  markets.  These  changes  would  have 
favorable  impacts  on  the  future  levels  of  production,  employment,  and 
income  in  the  region,  as  well  as  result  in  lower  cost  transportation. 
Areas  of  negative  impact  include  possible  environmental  damage, 
increased  shore  erosion  and  shore  structure  carnage  in  some  ares, 
possible  disruption  of  some  recreational  activities  in  some  areas, 
disruption  of  cross  channel  transportation  in  some  areas,  and 
possible  changes  in  the  life-styles  of  some  residents  of  the  area. 


Methodology  of  Identifying  Social  Effects 


One  method  used  in  identifying  social  effects  of  winter 
navigation  was  a  literature  review  and  file  search.  The  inputs 
received  at  public  workshops  and  meetings,  and  correspondence 
received  as  a  result  of  public  review  were  also  significant  sources 
of  information  on  soeial  effects.  The  details  of  these  workshops  and 
meetings  are  shown  in  Appendix  C. 

The  results  of  this  information  gathering  effort  were  examined 
with  a  "content  analysis”  approach,  or  systematic  analysis  of  public 
opinion,  as  is  appropriate  to  the  nature  of  social  effects, 
recognizing  that  the  definition  of  the  situation  resides  in  the 
individual  and  his  or  her  cultural  biography  [23,24].  W.l.  Thomas' 
dictum  that  "situations  defined  as  real  are  real  in  their 
consequences"  has  become  a  theorem  in  the  science  of  Sociology  [36]. 

Using  the  Thomas  theorem  or  self-fulfilling  prophecy  as  a 
framework  for  analyzing  social  phenomena,  researchers  focus  both  on 
the  nature  of  a  phenomenon  apart  from  people's  biased  or  selective 
perceptions  of  it,  and  the  interrelationship  between  perceptions  and 
qualities  of  a  phenomenon.  Applying  the  Thomas  theorem  to  a  social 
aspect  of  extended  season:  Winter  navigation  can  disrupt  seasonal 
recreation  by  weakening  the  ice  corsr  near  channels  of  vessel 
passage.  Ice  fishing,  snowmobiling ,  cross  country  skiing,  hunting 
and  snowshoeing  are  activities  which  all  require  stable  ice  and 
makeup  a  large  recreational  market  in  the  Great  Lakes  states. 
Investigations  have  found  that  after  vessel  passage  people  have 
perceived  the  ice  unsafe  when  it  was  safe,  and  they  have  perceived  it 
safe  when  it  was  unsafe  [8,5]. 
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This  kind  of  approach  is  concerned  with  gathering  both  subjective 
and  objective  data.  People's  perceptions  of  the  ice  stability  are 
subjective.  Examples  of  objective  data  include:  (1)  the  number  of 
people  participating  in  ice-related  activities  near  navigational 
channels,  (2)  the  amount  of  money  they  spend  on- their  recreation,  and 
(3)  the  relationship  between  these  expenditures  and  employment  in  the 
recreational  market.  Objective  data  can  be  also  borrowed  from  the 
more  technical  sciences  as  well  as  demography  and  economics.  The 
physical  distance  from  the  navigational  channel  at  which  the  ice  is 
safe  for  specific  recreational  activities  is  a  technical  fact  related 
to  a  social  effect.  Subjective  and  objective  aspects  of  a  social 
phenomenon  are,  of  course,  interrelated.  People  perceiving  the  ice 
unstable  would  effect  the  amount  they  spend  on  recreation. 

The  social  aspects  of  winter  navigation  which  were  studied  used 
this  complementary  subjective-objective  approach.  To  be  as 
exhaustive  as  possible,  a  cross  check  was  used,  based  on  physical 
proximity  to  winter  navigation  activities.  This  involved  examining 
any  populated  or  frequently  used  area  within  a  given  distance  of 
winter  navigation  activities. 

A  broad,  and  pragmatic  definition  of  "social  effect"  was  used. 
This  definition  includes  public  concerns  as  well  as  demographic  and 
socio-economic  effects.  This  flexibility  helps  avoid  duplication  of 
other  research  efforts  and,  at  the  same  time,  insures  relatively 
complete  coverage  of  all  possible  effects. 

IDENTIFIED  SOCIAL  EFFECTS 

The  known  and  documented  social  effects  of  an  extended  winter 
navigation  season  were  identified  and  studied  under  this  Program. 
These  effects  include  six  types,  occurring  at  various  locations 
throughout  the  region.  Since  a  single  physical  impact  can  cause 
differing  social  effects,  there  is  some  overlap  among  these  types. 


The  six  types  of  generally  negative  identified  social  effects  are 
related  to  recreation,  environment,  oil  spills,  shore  erosion  and 
shore  structure  change,  cross  channel  transportation  and  the  effects 
on  occupational  groups.  Underlying  all  of  the  social  effects  are 
economic  considerations  of  labor,  local  business,  and  industry. 

Recreation 

If  implemented,  some  effects  of  winter  navigation  upon  recreation 
would  stem  from  the  weakening  of  the  ice  cover  in  the  channel,  which 
could  make  some  portions  of  the  remaining  ice  cover  unsafe  for 
related  activities,  such  as  ice  fishing,  access  to  fishing  sites, 
etc.  The  predominant  group  affected  would  be  recreational  ice 
fishermen  [5,  15]. 

Disruption  of  the  ice  cover  has  been  encountered  in  five  harbor 
areas  during  Winter  Navigation  Demonstration  activities  [5].  These 
are  Duluth/Superior  in  Minnesota;  Escanaba,  Saginaw  Bay,  and  Lake  St. 
Clair  in  Michigan;  and  Sandusky  in  Ohio. 

On  the  St.  Marys  River,  affected  areas  include  Waiska  Bay, 
Mosquito  Bay,  Brush  Point,  Big  Point,  Sugar  Island  on  Lake  Nicolet, 
and  Raber  Bay,  Maud  Bay,  and  Lake  Munuscong  on  the  Michigan  shore 
[5,  8].  The  St.  Marys  River,  in  addition  to  providing  a  channel  for 
the  passage  of  vessels,  supports  considerable  sport  fishing, 
including  ice  fishing  which  peaks  in  late  winter.  A  popular  area  for 
this  activity  is  at  the  north  end  of  Neebish  Island.  In  general,  ice 
fishermen  avoid  areas  of  heavy  vessel  traffic.  The  winter  ice 
surface  also  provides  an  avenue  for  travel  by  man  and  animals  along 
and  across  the  river,  including  snowmobiling  for  pleasure  and 
transportation  to  fishing  sites.  Ice  boating,  though  popular  in  the 
region,  is  rarely  practiced  on  the  river  due  to  the  natural  roughness 
of  the  ice  surface.  Animals  which  may  traverse  the  ice  include  such 
recreationally  valuable  species  as  moose,  deer,  and  bobcat. 


Considerable  ice  fishing  takes  place  immediately  south  of  the  vessel 
track  in  the  St.  Marys  River,  above  the  Sault  Ste.  Marie  Locks 
complex,  between  Big  Point  and  the  mouth  of  the  Waiska  River.  The 
largest  concentration  of  ice  fishermen  is  in  the  easterly  portions  of 
Mosquito  Bay  and  Waiska  Bay.  A  few  ice  shanties  have  been  located 
within  100  yards  of  vessel  tracks  [5]. 

Along  the  St.  Lawrence  River,  four  major  activity  centers  have 
been  identified:  Cape  Vincent,  Wellesley  Island,  Chippewa  Bay,  and 
Coles  Creek  [15].  The  winter  ice  cover  usually  forms  first  along  the 
south  shore  canal  between  Montreal  and  Lake  St.  Louis  in  mid-December 
and  advances  toward  Lake  Ontario  by  late  January.  Mid-winter 
conditions  usually  produce  fast  ice,  which  is  not  generally  affected 
by  wind  or  current.  Ice  thickness  in  channel  sections  may  average 
two  or  three  feet,  while  lake  and  river  ice  may  only  reach  two  feet. 
Certain  sections  of  the  St .  Lawrence  River  are  susceptible  to  ice 
jams. 

Three  studies  have  been  completed  on  the  effects  of  weakened  ice 
cover  on  recreation.  The  first  study  [5]  identified  harbor  areas 
where  winter  navigation  was  likely  to  affect  recreational  activities 
and  recommended  further  study  of  these  areas.  A  second  study  [8] 
surveyed  winter  recreationalists  along  the  St.  Marys  River  and 
identified  a  "significant  minority"  of  negative  responses  regarding 
winter  navigation  and  recreation.  The  main  concerns  cited  were 
unsafe  (at  least  perceived  to  be  unsafe)  ice,  muddy  water,  and 
limited  movement.  The  winter  of  the  study  (1974-75)  was  particularly 
mild.  A  third  study  dealing  with  the  St.  Lawrence  River  [15] 
concluded  that  ice  fishing  was  a  major  form  of  recreation  for  people 
living  close  to  the  areas.  Because  of  their  relatively  small 
numbers,  however,  such  activities  do  not  seem  to  be  a  major  economic 
stimulant  in  the  area.  It  was  f  rther  concluded  that  the  weakening 
of  the  ice  cover  from  ice  breaking  would  not  affect  embayments,  where 
most  ice  fishing  takes  place. 


In  order  to  integrate  the  previous  studies,  and  to  further 
quantify  the  regional  and  community  impact  of  the  possible  disruption 
of  winter  recreation  activities  located  adjacent  to  proposed  winter 
navigation  activity,  additional  and  more  detailed  recreational 
studies  are  proposed  for  the  pre-construction  stages. 

The  criteria  for  establishing  the  magnitude  of  winter  recreation 
near  extended  season  navigation  routes  would  be  based  on  (1)  the 
distance  traveled  to  the  site,  (2)  the  number  of  people  participating 
in  recreational  activities  at  the  sites,  (3)  the  amount  of  money 
spent  by  recreators,  and  (4)  the  interests  served  by  their 
activities.  Sites  with  a  comparable  alternative  location  available 
in  the  immediate  vicinity  would  be  excluded  from  the  study,  providing 
that  the  alternate  location  would  not  be  affected  by  extended  season 
activity. 

The  results  of  these  studies  would  be  presented  on  maps  that 
would  present  the  size  of  the  winter  recreation  industry  at  each 
site,  the  comparative  magnitude  of  possible  alternative  sites  in  the 
same  vicinity,  and  the  annual  recreation  expediture  of  the  overall 
eight  state  region.  Data  from  existing  sources  would  be  used 
wherever  possible.  If  extended  season  is  found  to  reduce  winter 
recreation  expenditures  at  any  given  site,  these  quantifiable 
negative  impacts  would  be  included  in  the  benefit-cost  computations 
and  decision  analysis  during  the  stage  of  advanced  studies. 

Environment 

This  section  is  concerned  with  the  relationship  between  cultural 
values  and  the  environment;  a  more  detailed  treatment  of  the  overall 
ecosystem  is  discussed  in  Appendix  F.  Many  people  have  expressed  a 


concern  that  winter  navigation  may  further  disrupt  recreation  by 
adversely  effecting  the  fish  and  wildlife  which  attract 
recreationists.  Some  have  expressed  that  the  Implementation  of 
winter  navigation,  as  well  as  other  technologically  based  ventures, 
might  lead  future  generations  to  a  manipulative  view  of  man's 
relation  to  nature  rather  than  the  "traditional"  one  of  compatibility 
and  co-existence.  Some  have  criticized  the  Government  for  neglecting 
extensive  environmental  baseline  studies  of  the  ecosystem  before  the 
Demonstration  Program  to  maintain  an  ecological  balance  [39,  Appendix 
C].  The  ecosystem  is  certainly  complex.  With  or  without  the 
influence  of  humans,  nature  will  continue  in  a  constant  state  of 
change  and  development. 

Oil  Spills 

Vessel  spills  of  oil  or  other  hazardous  material  are  another 
concern,  particularly  for  those  members  of  the  public  whose 
livelihoods  depend  on  recreation  and  tourism.  Their  perception  of 
this  problem  is  at  odds  with  what  has  been  learned  and  documented 
over  the  past  several  years  by  those  who  have  participated  in  winter 
navigation.  The  assumption  that  vessel  operation  in  ice  is 
inherently  more  hazardous  than  in  open  water  creating  greater  risks 
of  oil  spills  underlies  many  of  the  statements  made  at  public 
workshops.  Some  have  asked  who  will  pay  the  costs  of  such  spills 
[39].  Appendixes  B  and  F  contain  a  detailed  treatment  of  the 
technical  aspects  of  oil  tanker  travel  through  ice.  Some  of  that 
treatment  which  addresses  the  above  concerns  will  be  repeated  here. 

A  ship  generally  leaks  oil  from  damages  incurred  by  severe  wave 
action,  through  collisions  with  other  vessels,  or  by  running  aground. 
Ice  covers  significantly  reduce  wave  action.  A  vessel  operating  in 
ice  is  less  likely  to  collide  with  another  vessel  or  run  aground; 
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because  a  ship  can  more  easily  be  braked  and  stopped  when  it  is 

surrounded  by  ice.  There  are  fewer  vessels  traveling  during  the  * 

\ 

winter  and  they  are  traveling  in  established  tracks  at  reduced 
speeds.  Modern  lake  vessels  are  designed  with  double  skin 
construction,  and  fuel  tanks  carefully  located  to  avoid  spills.  The 
risk  of  an  oil  spill  may  be  reduced  during  winter.  Petroleum 
products  have  been  delivered  to  the  central  lakes  area  during  winter 
months  for  decades  without  an  environmentally  damaging  incident. 

Spokesmen  from  Detroit  Edison,  a  principal  shipper  of  petroleum 
products,  claim  that  moving  the  products  by  train  would  require  more 
than  ten  times  the  fuel  as  by  water,  and  these  costs  would  be  passed 
on  to  customers. 

The  U.S.  Coast  Guard  has  developed  a  number  of  excellent 
contingency  plans  for  spill  clean-up  and  containment.  Response  time 
has  been  reduced  to  a  few  hours  and  good  equipment  is  available. 

However,  based  on  comments  received  on  the  Draft  Report, 

Environmental  Impact  Statement,  and  the  numerous  public  workshops  and 
meetings,  it  appears  that  the  public  and  agencies  with  the  primary 
mission  of  protecting  natural  resources  strongly  desire  further 
improvement  of  the  ability  to  handle  oil  or  toxic  material  spills. 

These  agencies  and  the  public  have  highlighted  potential  problems  and 
the  situation  dictates  that  technology,  contingency  plans  and  the 
equipment  continue  to  be  improved  to  afford  better  protection  for 
water  quality  and  fish  and  wildlife  resources  vfoich  are  essential  to 
the  health  and  economic  well-being  of  much  of  the  population  of  the 
Great  Lakes  Basin.  These  resources  form  the  basis  of  a  multi-billion 
dollar  tourist  and  recreation  industry.  Therefore,  continued 
improvement  of  technology,  technology  transfer  contingency  plans  and 
equipment  is  warranted  and  is  proposed  under  the  Environmental  Plan 
of  Action  tc  afford  the  level  of  protection  desired  by  the  public. 
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Shore  Erosion  and  Shore  Structure  Damage 


Another  type  of  winter  navigation  effect  involves  increased 
shoreline  erosion  and  shore  structure  damage  (primary  docks).  This 
effect  involves  riparian  property  owners  and  has  developed  into  a 
significant  social  conern.  Shore  erosion  may  result,  in  part,  from 
broken  pack  ice  moving  in  a  restricted  channel.  In  areas  of  shallow 
water  along  the  shoreline,  however,  the  indications  are  that  the 
water  freezes  solid  to  the  bottom,  sometimes  eliminating  shore 
erosion  altogether. 

Areas  of  deep,  near-shore  water  may  be  subject  to  erosion  due  to 
moving  ice  floes,  as  well  as  from  the  drawdown  effects  of  passing 
vessels.  Drift  or  pack  ice,  as  well  as  stable  ice,  has  a  natural 
effect  on  shore  structures.  Pack  ice,  because  of  the  tremendous 
pressures  generated  by  its  movement,  is  capable  of  destroying  shore 
structures,  particularly  those  made  of  wood.  Stable  ice  has  a 
tendency  to  adhere  to  vertical  piles  and  piers.  Fluctuations  of  the 
water  underneath  the  ice  cover  can  lift  these  structures  out  of 
position  (ice  jacking). 

Particularly  in  the  connecting  channels  the  action  of  passing 
ships  will  also  contribute,  under  certain  circumstances,  to  shore 
structure  damage  by  intensifying  these  effects.  The  more  restrictive 
a  channel  is  the  greater  potential  for  damaging  effects  through 
alterations  of  water  surface  elevation  and  velocity,  magnitude,  and 
direction.  Rapid  water  level  changes  may  occur  with  ship  passage. 

Locations  where  this  effect  could  be  increased  and  intensified  by 
winter  navigation  include  the  previously  mentioned  areas  on  the  St. 
Marys  River  (Waiska  Bay,  Mosquito  Bay,  Brush  Point,  Big  Point,  Sugar 
Island  on  Lake  Nicolet,  Raber  Bay,  Maud  Bay  and  Lake  Munuscong  on  the 
Michigan  shore),  selected  sites  along  the  St.  Clair-Detroit  Rivers, 
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Course  5  of  the  West  Neebish  Channel  has  been  identified  as  a 
potential  problem  erosion  and  damage  area.  Currently,  however,  the 
West  Neebish  Channel  is  not  used  for  winter  navigation  and  these 
"natural"  problems  are  not  aggravated  by  winter  navigation 
activities. 

Along  the  Middle  Neebish  Channel,  Course  6,  the  shorelines  of 
both  Sugar  Island  and  Neebish  Island  are  generally  marshy,  except  for 
a  short  reach  on  Neebish  Island.  A  dike  about  6,000  feet  long  is 
located  on  the  Sugar  Island  side  of  Course  6,  beginning  at  its 
upstream  end.  Some  erosion  is  evident  along  Neebish  Island  midway 
along  the  course. 

Along  Courses  8  and  9  of  the  Middle  Neebish  Channel,  both  bank 
erosion  and  structural  damage  are  evident.  The  Neebish  Island 
shoreline  along  these  reaches  is  well-developed  with  a  substantial 
number  of  docking  facilities  located  between  Mirre  Point  and  Johnson 
Point.  Some  of  the  docks  are  heavily  constructed,  but  many  are  not. 

In  the  St.  Clair  River,  the  banks  in  the  upper  reaches  are  higher 
than  in  the  lower.  High  water  levels  could  inundate  the  low  banks 
found  in  these  latter  reaches.  Marshes  and  very  low  relief  are 
characteristic  of  the  shoreline  of  the  St.  Clair  delta  region. 

Structural  damages  in  the  St.  Clair  River  occur  largely  in  the 
slower  flowing  delta  section,  where  floe  ice  tends  to  build  up  after 
moving  through  the  swifter  flowing  section  upstream.  These  areas 
were  at  one  time  low-lying  and  marshy.  Many  have  been  artificially 
filled  and  bulkheaded  to  create  residential  property.  This  is  most 
common  from  Point  aux  Chenes  to  Pearl  Beach  and  at  Harsens  Island. 
Many  small  boat  docks,  piers,  mooring  facilities,  and  related 
services  are  located  along  these  shoreline  reaches. 
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In  the  St.  Lawrence  River,  a  preliminary  study  of  shore  structure 
damage  and  shoreline  erosion  has  been  conducted  [33].  The  purpose  of 
this  study  was  to  gather  and  analyze  baseline  data  which  would  aid  in 
determining  what  effects  extended  winter  navigation  could  have  on 
shore  structures  and  shoreline  erosion,  with  particular  attention  to 
areas  of  recreational  activity.  The  study  identified  those  areas 
most  likely  to  be  affected  by  winter  navigation,  as  wall  as 
identifying  areas  requiring  further  study  to  determine  which 
mitigative  measures  are  appropriate. 

The  study  revealed  that  approximately  29  miles  of  the  shoreline 
of  the  U.S.  portion  of  the  St.  Lawrence  River  has  the  potential  to  be 
affected  by  winter  navigation.  This  area  is  primarily  in  the 
downstream  portion  of  the  river  and  represents  5.5  percent  of  the 
shoreline  investigated.  Over  three  hundred  shore  structures  that 
could  be  affected  by  season  extension  were  also  identified. 

Solutions  considered  most  promising  in  dealing  with  shoreline 
erosion  and  shore  structure  damage  are  rubble  wall  shore  protection 
and  pile  clusters  [22].  Specifically,  shore  protection  along 
critically  eroding  riverbank  locations  on  the  St.  Marys  River  would 
be  provided  through  the  placement  of  riprap.  One  mode  of  protection 
from  ice  for  small  structures  protruding  into  the  St.  Marys  and  St. 
Clair-Detroit  Rivers  could  5e  installation  of  pile  clusters.  Pile 
clusters  stabilize  the  ice  cover  that  usually  forms  in  the  quiet 
waters  near  shore.  Suitably  placed  pile  clusters  (just  beyond  the 
furthest  extending  snore  structure)  cause  a  shear  line  to  develop 
between  consecutive  pile  clusters,  rather  than  at  the  end  of  the 
shore  structures,  thus  protecting  these  structures  from  the  forces 
generated  by  floe  ice  moving  down  river.  These  measures  could  result 
in  an  overall  improvement  in  the  quality  of  shoreline  and  shore 
structures  by  preventing  naturally  occurring  ice  damage  as  well  as 
winter  navigation-related  damage,  thereby  mitigating  social 
consequences . 
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A  more  extensive  treatment  of  protective  structures  along  with  a 
discussion  of  the  compensation  mechanisms  for  damages  to  shoreline 
and  shore  structures  attributable  to  extended  season  navigation  is 
contained  in  Appendix  B  "Formulation  of  Detailed  Plans.”  The 
technical  information  on  protective  structures  listed  below  indicates 
the  research  undertaken  to  preserve  the  aesthetic  appeal  of  riparian 
property  as  well  as  to  prevent  its  erosion. 

Protective  structures  will  be  built  in  accordance  with  the 
shoreline.  For  example,  the  structural  solutions  recommended  for  the 
St.  Marys  River  use  rocks  or  boulders.  Riprap  structures  may  suffice 
along  less  developed  shorelines,  tut  more  durable  structures  are 
proposed  where  the  shoreline  is  close  to  the  channel  since 
ship-induced  effects  could  be  greater.  A  rubble  wall  or  gabion 
blanket  is  usually  proposed  for  a  site  with  fine-grained  beaches.  A 
gabion  basket  is  more  appropriate  for  sites  with  coarser  beaches. 

More  durable  structures  may  be  considered  where  ice  is  usually  stable 
or  shorefast.  Proposed  new  structures  would  have  to  be  compatible 
with  "neighboring"  protection  structures.  The  new  structures  would 
be  adequately  secured  at  the  ends  to  insure  that  the  structures  are 
protected  against  flanking. 

The  construction  of  these  structural  solutions  would  constitute 
protective  measures  preventing  shoreline  property  damage  and  erosion. 
These  measures,  combined  with  enforcement  of  vessel  speed  control  and 
regulation  of  vessel  routes  and  movement  through  unstable  ice  fields, 
would  provide  protection  for  riparian  property. 

A  discussion  of  the  compensation  mechanisms  for  damages  to 
shoreline  and  shore  structures  attributable  to  extended  season 
navigation  is  contained  in  Appendix  B,  "Formulation  of  Detailed 
Plans. " 


Cross  Channel  Transportation 

If  it  were  Implemented,  effects  of  extended  season  navigation  on 
the  cross  channel  transportation  systems  used  by  island  residents 
would  stem  from  two  sources:  broken  ice  c’jgging  ferry  docks  and 
disrupting  service,  and  the  maintenance  of  an  open  channel  preventing 
cross  channel  transportation  over  the  ice  cover.  Any  interruption  in 
transportation  constitutes  a  major  inconvenience  to  the  residents  of 
islands  since  it  requires  altering  their  established  means  of  access 
to  the  mainland..  Each  is  discussed  below. 

Ferries 


Winter  navigation  ice  breaking  activities  disrupt  the  stable  ice 
cover  and  can  increase  the  frequency  of  broken  ice  clogging  the  ferry 
landings  and  interrupting  service.  Residents  potentially  subject  to 
this  type  of  transportation  service  interruption  are  living  on  Sugar 
Island  in  the  St.  Marys  River,  and  the  ferry  crossings  along  the  St. 
Clair  River  (St.  Clair  -  Courtright,  Roberts  Landing  -  Port  Lambton, 
Marine  City  -  Sombra,  Algonac  -  Walpole  Island,  and  the  Harsens 
Island  ferry).  Also  Drummond  Island  residents,  in  the  St.  Marys 
River,  claim  that  winter  navigation  disrupts  the  island 
transportation  service  between  the  island  and  the  mainland. 

The  winter  navigation-related  transportation  problems  of  the 
islands  of  the  St.  Marys  River  are  each  different  and  must  be 
examined  separately.  Sugar  Island  is  approximately  15  miles  long 
with  a  maximum  width  of  8  1/2  miles.  The  island  has  about  450 
permanent  residents.  Travel  to  and  from  is  by  a  ferry  with  a 
capacity  of  twelve  automobiles.  During  the  winter  season  the  ferry 
transports  about  60  automobiles  per  day.  In  addition,  the  ferry 
transports  school  buses,  for  about  50  children  attending  schools  on 
the  mainland,  and  trucks  supplying  provisions  and  fuel  oil  to  the 
island.  Most  of  the  means  of  solving  this  problem  have  been 
recommended  in  the  March  1976  Interim  Survey  Report. 
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During  the  summer,  the  ferry  landing  is  clear  and  there  are  no 
obstructions  to  passage  between  the  island  and  the  mainland.  In 
winter,  however,  ice  conditions  present  a  problem,  aggravated  by 
winter  navigation.  When  either  the  ferry  landing  becomes  choked  with 
ice  or  ice  builds  up  in  the  mainland  ferry  slip,  the  ferry  is  unable 
to  operate.  A  strong  cross  current  on  the  island  side  normally  keeps 
the  island  slip  clear  of  ice.  On  the  mainland  side,  there  is  no  such 
cross  current  and  drift  ice  entering  the  slip  can  make  landing 
difficult  or  impossible.  The  ferry  landing  itself  can  also  become 
choked  with  ice,  which  can  prevent  the  ferry  from  operating.  The 
amount  of  drifting  ice  entering  this  portion  of  the  river  depends,  in 
part,  on  the  stability  of  the  ice  cover  in  Soo  Harbor  which,  in  turn, 
is  influenced  by  four  factors:  (1)  warm  water  discharges  from  the 
Sault  Ste.  Marie  sewage  outfall  eroding  the  ice  along  the  shoreline, 
(2)  the  Sault  Edison  hydroelectric  plant  discharge  causing  turbulence 
which  erodes  harbor  ice,  (3)  vessel  operations  to  and  from  the  U.S. 
Coast  Guard  harbor  base  breaking  up  the  ice,  and  (4)  steel  and  paper 
mills  in  the  area  adding  thermal  input  to  the  harbor  waters  which 
tends  to  suppress  stable  ice  formation.  Winter  navigation-related 
icebreaking  has  added  to  these  factors.  In  order  to  prevent  these 
factors  from  combining  to  cause  major  problems  for  the  ferry,  a 
bubbler  flusher  was  installed  at  the  ferry  dock  on  the  mainland  side 
and  an  ice  boom  was  installed  near  the  Sugar  Island  ferry  slip  in 
1975  and  subsequent  years.  The  ice  boom  is  successful  in  forming  a 
stable  ice  cover  upstream  in  the  harbor  area,  and  the  bubbler  has 
prevented  ice  from  impeding  the  ferry  from  docking.  Both  have 
resulted  in  ferry  service  being  more  dependable  than  under  natural, 
pre-season  extension  activities. 

Neebish  Island  is  about  four  miles  long  and  two  miles  wide  and  is 
located  between  Sugar  and  Lime  Islands.  It  is  bounded  on  the 
Canadian  side  by  the  Middle  Neebish  Channel  and  on  the  American  side 
by  the  West  Neebish  Channel.  The  West  Neebish  Channel  is  about  9,000 
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feet  long  and  300  feet  wide.  Island  access  is  through  a  ferry  to  the 
U.S.  mainland.  The  island  is  "thinly  settled”  in  winter  with  a 
year-round  population  of  30  to  50  individuals.  Winter  navigation 
activities  would  be  confined  to  the  Middle  Neebish  Channel  and  would 
not  disrupt  ferry  service.  If  the  West  Neebish  Channel  were  to  be 
used  for  winter  navigation,  cross  channel  transportation  would  be 
disrupted. 

Drummond  Island  is  located  about  nine  miles  downstream  from  Lime 
Island  and  is  about  21  miles  long  and  12  miles  wide.  It  is  separated 
from  mainland  Michigan  by  DeTour  Passage,  a  distance  of  about  one 
mile.  The  island  supports  the  Drummond  Dolomite  Quarry  and  summer 
recreational  facilities,  as  well  as  a  year-round  population  of  about 
600.  A  ferry  operates  across  DeTour  Passage  year-round.  Winter 
navigation  would  interfere  with  an  alternate  mode  route  over  the  ice 
cover  around  Pipe  Island.  Winter  ferry  service  is  naturally  and 
periodically  made  difficult  by  occasional  heavy  ice  conditions 
resulting  from  winds  driving  Lake  Huron  ice  into  the  passage  area. 
Loose  ice  can  be  dislodged  at  the  edge  of  the  ferry  track  which  may 
add  to  the  difficulties  of  ferry  operations.  The  county  government 
contends  that  ferry  service  difficulties  are  also  aggravated  by 
additional  ice  and  thicker  ice  flowing  into  the  area  due  to  season 
extension.  This  has  not  been  substantiated  by  investigations  to 
date.  However,  further  investigations  are  apparently  necessary  and 
proposed  to  determine  the  percentage  of  ferry  costs — first  cost  and 
maintenance — that  should  be  attributed  to  normal  navigation, 
non-season  extension  winter  operations,  and  those  of  season 
extension.  This  would  be  accomplished  in  the  General  Design 
Memorandum  stage  and  compensation  recommended,  if  appropriate. 


The  ferry  service  disruptions  along  the  St.  Clair  River  are 
similar  and  can  be  described  as  a  single  phenomenon.  Briefly,  the 


ferry  service  would  b$  tOJtsjf.niRt.f4  when  the  ferry  landing  becomes 
choked  with  ice  or  ferry  slips  preventing 

the  docking  of  the  ferry,  the  St.  Cliir  River  does  not  develop  a 
solid  ice  cover.  The  lot  cilU sing  the  interruptions  enters  the  system 
at  the  head  of  the  St.  Clair  River  when  the  natural  ice  bridge  there 
collapses.  Winter  navigation  would  contribute  to  occasional  collapse 


of  this  natural  ice  bridge,  aggravating  the  ice  situation  at  ferry 
landings  downstream. 


Moving  from  the  problem  stage  to  solutions,  and  starting  with  the 
St.  Marys  River,  Sugar  Island  transportation  was  resolved  during  the 
demonstration  program  by  ferry  modification  to  increase  its  ice 
operating  capability,  an  ice  navigation  boom,  ice  stabilization 
islands,  and  the  installation  of  an  air  bubble r/f lusher  system  at  the 
mainland  dock  [22], 


Since  this  report  recommends  utilizing  the  Middle  Neebish  Channel 
for  the  winter  navigation  season,  no  additional  actions  are  proposed, 
as  island  access  would  be  the  same  as  in  the  traditional  season, 
across  the  West  Neebish  Channel. 


For  Drummond  Island,  further  investigations  are  proposed,  as 
previously  discussed.  As  further  assurance  that  the  impact  on  island 
transportation  is  minimized,  contingency  plans  for  Sugar,  Neebish, 
Lime,  and  Drummond  Islands  in  the  St.  Marys  are  proposed.  These 
plans  address  back-up  transportation  measures  and  are  presented  in 
detail  in  Appendix  B.  Additionally,  an  all-weather  backup  vehicle  to 
service  all  four  crossings,  operated  by  the  Eastern  Upper  Peninsula 
Transportation  Authority,  has  been  considered  but  is  not  proposed. 

It  would  be  further  considered  during  the  advanced  engineering  and 
design  phase. 


One  of  the  solutions  recommended  for  the  St.  Clair  River  to  help 
manage  ice  and  prevent  jams  is  an  ice  control  structure  at  the  head 
of  the  St.  Clair  River.  This  ice  control  structure  should  all  but 
eliminate  winter  navigation  endangered  ferry  problems.  However, 
because  of  its  position  at  the  mouth  of  the  Middle  and  North 
Channels,  Harsens  Island  and  its  associated  ferry  deserve  special 
mention.  A  study  similar  to  that  mentioned  for  Drummond  Island  would 
be  accomplished  during  the  General  Design  Memorandum  stage  to 
determine  the  share  of  cost  attributable  to  season  extension. 
Solutions  with  appropriate  cost  sharing  would  be  recommended,  if 
appropriate. 

Open  Channels 

The  second  source  of  transportation  effects  from  winter 
navigation  would  be  the  disruption  of  cross  channel  pedestrian  and 
vehicle  traffic  through  the  maintenance  of  vessel  tracks  in  the  ice 
cover.  Drummond  Island’s  alternate  route,  Lime  Island  in  the  St. 
Marys  River,  and  the  area  around  Grindstone  Island  in  the  St, 

Lawrence  River  would  be  subject  to  this  effect. 

Lime  Island,  located  about  35  miles  downstream  from  Sault  Ste. 
Marie,  is  separated  from  the  mainland  by  three  miles  of  water.  The 
principal  activity  on  this  U.S,  island  is  the  operation  of  a  fueling 
station  for  the  freighters  which  stop  for  fuel  at  the  Lime  Island 
dock.  Approximately  seven  operators  of  the  fueling  dock  and  their 
families  live  on  the  island.  Transportation  to  and  from  Lime  Island 
is  provided  by  a  small  power  boat  during  the  regular  navigation 
season,  before  the  formation  of  heavy  ice,  and  by  foot  or  snowmobile 
after  the  ice  has  formed.  Prior  to  extended  season  navigation  under 
the  Demonstration  Program,  the  small  boat  could  travel  until  the  end 
of  the  navigation  season.  There  was  only  a  short  time  between  the 
passing  of  the  last  commercial  vessel  and  the  ice  cover  reaching 
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sufficient  thickness  to  safely  carry  pedestrians  and  snowmobiles. 
Thus,  the  island  residents  were  without  access  to  the  mainland  for 
only  a  short  time.  When  the  Demonstration  Program  for  extended 
season  navigation  was  implemented,  however,  the  vessel  track  broken 
in  the  ice  cover  prevented  foot  or  snowmobile  travel.  During  these 
periods  the  islanders  are  unable  to  get  supplies,  receive  mail,  or 
reach  the  mainland. 

The  recanmended  solutions  for  the  Lime  Island  transportation 
problem  are  an  air  boat,  with  an  alternate  snowmobile  route  to 
Drummond  Island.  A  demonstration  air  boat  was  funded  through  the 
Demonstration  Program.  Although  the  air  boat  was  first  accepted, 
dissatisfaction  with  it  has  increased  over  the  years.  Its  original 
design  has  been  improved.  A  new  and  better  vehicle  is  being 
recommended  in  the  March  1976  Interim  Survey  Report. 

In  the  St.  Lawrence  River  area  a  preliminary  study  has  been 
conducted  by  the  St.  Lawrence  Seaway  Development  Corporation  to 
identify  the  extent  to  which  year-round  navigation  could  affect  cross 
channel  travel  by  permanent  residents  of  the  islands  in  the 
international  section  of  the  river  [32].  This  study  identified  the 
islands  occupied  by  year-round  residents,  existing  modes  of  cross 
channel  travel,  purpose  and  fequency  of  travel,  time  and  distance  of 
trips,  and  methods  of  mitigating  the  adverse  effects  identified. 

In  the  St.  Lawrence,  winter  vessel  movement  would  complicate 
transDortation  problems  for  the  71  year-round  residents  of 
Grindstone  Island,  in  that  their  ice  bridge  direct  to  the  Village  of 
Clayton  would  be  disrupted.  During  winter,  most  of  the  residents  do 
not  hold  jobs  on  the  mainland.  However,  they  must  be  able  to  cross 
daily,  being  available  for  work  to  qualify  for  unemployment 
insurance.  During  the  1978-79  school  year,  thirteen  children  from 
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Grindstone  Island  attended  school  in  Clayton.  They  crossed  twice 
weekly,  on  Monday  and  Friday,  and  boarded  in  Clayton  during  the  week. 
The  children  are  transported  on  a  power  punt  by  the  only  island 
resident  licensed  to  operate  such  a  vehicle.  The  same  resident 
delivers  mail  to  the  other  permanent  winter  island  inhabitants.  Four 
other  residents  own  power  punts  which  may  be  used  for  emergency 
travel  and  shopping  since  provisions  are  available  only  on  the 
mainland  [37]. 

During  the  advanced  stages  of  the  study  of  Season  Extension, 
studies  would  be  made  to  determine  englneeringly  and  socially 
feasible  means  of  transportation  between  Clayton  and  Grindstone 
Island.  A  socially  feasible  means  of  transportation  would  preserve 
the  private  lifestyle  of  islanders.  One  possibility  would  be  that 
residents  would  travel  to  Wellesley  Island  by  power  punt  and  from 
this  island  drive  to  Clayton.  This  solution  would  not  be  socially 
feasible,  because  many  Grindstone  Islanders  do  not  own  cars  and  can 
currently  maintain  their  livelihoods  without  them.  Providing  a  tug 
with  icebreaking  capability,  associated  launching-landing  ramps  and  a 
maintenance  building,  is  the  currently  proposed  solution  for 
continuing  winter  access  directly  between  Grindstone  Island  and 
Clayton,  New  York.  An  on-site  operator  for  the  vehicle  would  also  be 
a  requirement. 

Occupational  Groups 

A  "Sociological  Assessment  Survey"  of  four  occupational  groups 
has  been  conducted.  These  groups  include:  vessel  personnel, 
terminal  personnel,  lock  personnel,  and  pilot  personnel.  The  effects 
on  these  groups  are  basically  of  two  types:  individual  safety  and 
comfort,  and  the  "psychosocial"  effects  of  extended  season  operation, 
such  as  morale  and  familial  relations  [14].  Discussion  which 
follows,  is  by  occupational  group. 
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Vessel  Personnel  and  Pilots 


The  vessel  personnel  group  consists  of  about  5,000  Individuals  at 
the  height  of  the  summer  shipping  season.  These  employees  are  hired 
by  shipping  companies  serving  the  Great  Lakes  and  then  assigned  to 
vessels  operated  by  crews  of  about  30  men  each.  This  group  would  be 
most  affected  by  an  extended  navigation  season  primarily  because 
these  workers  do  not  go  home  at  the  end  of  each  working  day,  but  are 
aboard  ship  around  the  clock  for  the  entire  trip. 

A  similarly  affected  group  is  the  vessel  pilots.  U.S.  and 
Canadian  pilot  personnel  number  about  155  throughout  the  system.  The 
increased  risks  to  pilots  and  vessel  personnel  are  perceived  as 
threefold.  First,  the  survival  time  of  an  individual  overboard  is 
greatly  reduced  in  the  winter.  Second,  the  weather  itself  may  make 
location  and  rescue  more  difficult.  Third,  the  risk  of  accidents, 
either  individual  or  vessel,  may  be  increased.  Related  to  all  of 
these  is  the  impaired  performance  of  certain  equipment  during  winter 
operation. 

An  additional  effect  on  these  two  groups  is  the  change  from 
seasonal  employment  to  year-round  employment,  and  the  effect  this  may 
have  on  their  families  and  life  styles.  Specifically,  these 
individuals  would  no  longer  be  unemployed  during  the  winter  months, 
which  would  modify  some  traditional  vacations.  Claims  for 
unemployment  compensation  would  also  be  reduced  or  eliminated  for 
some  individuals  basing  their  claim  on  seasonal  unemployment. 

Terminal  and  Lock  Personnel 


Terminal  personnel  numbers  about  4,000  individuals  at  the  peak  of 
the  summer  season.  Terminal  personnel  would  be  employed  by  each 
winter  port  on  the  Great  Lakes.  A  similar  group,  lock  personnel, 
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numbers  about  175  at  the  Sault  Ste.  Marie  locks  and  about  175  at  the 
two  U.S.  St.  Lawrence  Seaway  Locks  [14].  Terminal  and  lock  personnel 
are  usually  employed  year-round  and  season  extension  would  not 
materially  affect  their  work  status,  though  their  specific  duties 
during  winter  might  change.  The  primary  effect  on  these  groups  would 
be  increased  exposure  to  extreme  weather  and  the  additional  risk 
posed  by  ice  and  snow  accumulations  on  docks  and  other  work  areas. 

The  employment  projection  presented  in  Appendix  D  indicates  that 
navigation  season  extension  would  improve  employment  in  the  shipping 
industry  at  participating  ports,  increasing  the  present  number  of 
longshoremen,  stevedore  and  terminal  operators  by  about  50  percent, 
merchant  seamen  by  about  20  percent,  and  ship  and  equipment  repair 
personnel  by  about  15  percent.  Vessel  personnel  have  decreased  on 
the  Great  Lakes  with  the  use  of  fewer  and  larger  ships  independently 
from  season  extension.  For  example,  6,242  vessel  personnel  were 
employed  at  the  height  of  the  summer  season  1  July  1973;  5,440  were 
employed  on  1  July  1975  [14].  Navigation  season  extension  would 
encourage  the  better  utilization  of  the  existing  Great  Lakes  fleet 
and  could  increase  job  opportunities  for  these  seeking  winter  work. 
Overall  employment  opportunities  could,  therefore,  improve  for  vessel 
personnel.  Employment  opportunities  of  other  occupational  groups 
less  directly  affected  by  extended  season,  would  require  more 
in-depth  studies. 

Based  on  the  results  of  this  exploratory  survey,  recommendations 
were  made  for  better  information  dissemination  to  affected  personnel, 
for  the  use  of  volunteers  where  possible,  and  for  more  personnel 
involvement  and  feedback.  More  summer  vacation  time  is  recommended 
for  seasonal  personnel  working  the  extended  season. 

Other  solutions  to  these  problems  to  be  considered  if  season 
extension  is  implemented  are  the  provision  of  improved  cold  weather 
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gear  for  lock  and  terminal  personnel,  ice  and  snow  removal,  safety 
lines  for  line  handlers,  and  contingency  plans  for  rescue  and 
revival.  Solutions  relating  to  vessel  and  pilot  personnel  to  be 
considered  include  vessel  monitoring  and  reporting  systems,  emergency 
position  indicating  radio  beacons,  man  overboard  alarms, 
self-launching  or  catapulted  type  enclosed  life  boats,  water-tight 
bulkheads  between  cargo  holds,  top  dock  edges  fitted  with  railroad 
type  rail  to  prevent  slipping  from  ice  covered  docks  into  the  water, 
and  float-off  crew  capsules  [22]. 

Spokesmen  from  the  International  Shipmasters  Association  have 
stated  that  the  Demonstration  Program  has  ignored  the  problem  of 
providing  safety  and  comfort  for  vessel  crews. 

During  the  Demonstration  Program,  some  280  exposure  suits  were 
distributed  to  vessel  crews  participating  in  extended  season 
activities.  Some  personnel  claimed  that  the  suits  would  overheat 
them  if  worn  in  the  course  of  their  work.  After  study  of  all 
exposure  suits  commercially  available,  the  Coast  Guard  has  approved 
two  all-weather  suits  and  one  exposure  jacket.  They  are  still 
testing  two  other  exposure  jackets.  The  exposure  suits  provide 
floatation  and  thermal  insulation  for  all  parts  of  the  body  except 
the  face. 

Life  jackets  are  available  on  every  major  Great  Lakes'  fleet 
ship,  and  de:k  personnel  wear  them  while  working.  The  life  jacket 
affords  limited  floatation  and  some  thermal  insulation.  The 
estimated  survival  time  for  the  average  man  wearing  a  life  jacket 
Immersed  in  32°  to  33°  F  water  is  about  30  minutes,  but  varies 
greatly  between  circumstances  and  individuals.  Survival  time  as  used 
here  is  defined  as  the  median  immersion  time  with  a  50%  probability 
of  unconsciousness  [41].  Every  vessel  also  has  two  inflatable  life 
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rafts  with  covers  and  open  life  boats.  The  GOTT  (a  newly  constructed 
1,000  foot  vessel)  has,  and  future  vessels  will  have,  self-launching 
enclosed  life  boats. 


The  Coast  Guard  has  conducted  experiments  with  Emergency  Position 
Radio  Beacons  (EPIRBS).  A  "Man  Overboard  Detection  and  Location 
System"  was  developed  in  which  each  person  aboard  a  vessel  wore  a 
radio  transmitter  with  a  self-contained  antenna  whicl\  would  operate 
automatically  once  the  wearer  entered  the  water.  A  special  receiver 
on  the  bridge  of  the  vessel  would  sound  an  alarm  when  the  signal  was 
transmitted.  The  signal  then  could  be  :jsed  as  a  honing  device  to 
locate  the  person  in  the  water.  In  practice  sessions,  using  the 
Williamson  maneuver,  the  man  overboard  was  rescued  and  administered 
first  aid  in  the  boat  on  an  average  of  ten  minutes.  A  similar  honing 
device  would  alert  the  Coast  Guard  and  other  vessels  if  a  ship  were 
sinking.  Presently,  the  Federal  Communications  Center  is  working  on 
a  frequency  for  the  EPIRBS  which  will  not  interrupt  radio  and 
television  stations,  airplane  and  other  vessel  transmissions. 

Purchase  of  safety/survival  equipment  and  training  personnel  in  its 
use  is  the  continuing  responsibility  of  the  vessel  owner, 

POTENTIAL  AND  LONG-TERM  SOCIAL  EFFECTS 


Two  other  potential  and  long-term  social  effects  of  winter 
navigation  were  identified  through  public  meetings  and  interviews. 
They  include  localized  unemployment  and  changes  in  regional 
identities  and  power  structures.  Some  concern  was  raised  over  people 
moving  to  areas  for  temporary  construction  jobs  associated  with 
winter  navigation,  and  then  becoming  unemployed  [39].  However,  an 
economic  analysis  indicates  that  direct  benefits  to  local  ports, 
transportation  and  winter  rate  savings  are  likely  to  add  permanent 
employment  to  the  region  [AO].  These  benefits  are  not  calculated  in 
the  overall  benefit/cost  ratio;  because,  trade  from  other  areas  of 


J&L. 


the  country  will  be  diverted  to  the  Great  Lakes.  According  to 
economic  projections,  the  Great  Lakes  will  employ  a  smaller 
proportion  of  the  working  force  and  have  a  lower  per  capita  income  in 
relation  to  other  regions  by  2020.  Winter  navigation,  if 
implemented,  might  help  to  positively  alter  these  projections. 

Federal  contracts  in  local  areas  may  tend  to  alter  regional 
identities  and  power  structures  [39].  These  long  range  concerns  are 
only  potential,  because,  all  effected  local  areas  havte  yet  to  be 
identified.  Social  perceptions  are  further  depicted  in  Appendix  C. 

These  potential  affects  of  winter  navigation  need  to  be  monitored 
on  a  region-wide  basis.  Therefore,  a  demographically  based 
monitoring  study  is  being  recommended  for  the  advanced  engineering 
and  design  stage.  This  study  would  utilize  a  "social  well-being 
account"  methodology  [7],  and  would  monitor  selected  areas  throughout 
the  region  to  document  the  gross  social  effects  of  extended  season 
operations  on  various  types  of  communities  and  occupational  groups. 
Results  of  such  a  monitoring  program  would  be  an  integral  part  of 
future  validation  reports.  Such  a  study  would,  as  a  minimum,  include 
the  effects  of  winter  navigation  upon  community  institutions,  the 
socio-economic  health  of  the  area,  national  emergency  preparedness, 
and  the  aggregate  social  well-being. 

Archaeological,  Historical  and  Cultural  Resources 

A  preliminary  study  has  been  conducted  to  identify  known 
archaeological,  historical,  and  paleontological  resources  in  the 
Great  Lakes  region  which  might  be  impacted  by  season  extension 
activities.  Minor  impacts  have  been  identified  at  some  sites  vfaich 
may  be  due,  in  part,  to  navigation  season  extension  activities. 
Several  other  sites  may  possibly  be  impacted  in  the  future.  Various 
site  specific  studies  are  currently  being  considered  to  fully  assess 
the  likelihood  and  extent  of  potential  impacts.  This  preliminary 
study  is  included  in  its  entirety  in  Appendix  C. 
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CONCLUSION 

t 

In  summary,  six  types  of  social  effects  were  discussed.  The 
public  expressed  concerns  about  recreation,  the  environment,  oil 
spills,  shore  erosion  and  shore  structure  damage,  safety  to  vessel 
personnel  and  cross  channel  transportation  problems.  Many  involved  a 
segment  of  the  public  defining  some  phenomenon  related  to  winter 
navigation  differently  than  did  researchers  who  performed  systematic 
investigations. 

If  not  careful,  the  secondary  negative  consequences  of  winter 
navigation  which  people  anticipate  could  tend  to  occur  if  they  act  on 
their  perceptions  or  misperceptions  rather  than  results  directly  from 
the  extended  season  activities  themselves.  Some  people  who  are 
concerned  with  recreation  and  tourism  believe  that  winter  navigation 
will  weaken  the  ice  cover  disrupting  ice  related  activities  at  sites 
adjacent  to  channels.  Whether  or  not  the  ice  cover  is  too  unstable 
to  support  these  activities,  the  recreation  could  be  disrupted  if 
people  act  on  this  belief. 

Some  naturalists  and  conservationists  would  oppose  all 
technologically  based  ventures  which  could  in  any  way  alter  the 
balance  of  the  ecological  system  fearing  that  any  change  in  the 
environment  might  harm  the  species  they  wish  to  hunt,  fish  or 
preserve.  On  the  other  hand,  fishing  and  hunting,  in  themselves,  may 
dwind]?  the  supply  of  certain  species.  Scientific  measures  by  a 
variety  of  groups  may  be  necessary  to  preserve  and  multiply  these 
specie;:  Investigations  may  find,  and  hopefully  will  via  the  EPOA, 

that  the  ecosystem  can  support  both  winter  navigation  and  fish  for 
recreators . 

Spokesmen  from  several  agencies  have  expressed  an  assumption  that 
the  risks  of  an  oil  spill  are  greater  when  tankers  travel  through 
ice.  Such  an  assumption  is  not  borne  out  by  the  Demonstration 
Program.  Supporting  the  lower  risk  thesis  are  other  agencies,  which 


\  maintain  that  the  risk  of  an  oil  spill  is  less  during  extended  season 

operation  than  during  the  normal  season.  To  prohibit  winter  shipping 
of  oil  during  these  energy  short  times  would  seem  counter  productive, 
socially  and  economically.  The  stance  of  "carefully  moving  while 
improving,"  as  suggested  by  the  EPOA  and  FWS,  seems  to  strike  a 
reasonable  balance.  Known  methods  of  building  structures  which  would 
preserve  the  natural  aesthetic  appeal  of  shorelines  and  protect  them 
from  erosion,  and  methods  of  insuring  the  safety  and  comfort  of 
vessel  personnel  were  described. 

Four  additional  efforts  are  currently  being  recommended  for  the 
Preconstruction  Phase.  (1)  Safe  and  socially  feasible 
transportation  alternatives  for  Grindstone  Islanders,  or  those  which 
would  enable  residents  to  preserve  their  way  of  life  and  social 
values,  would  be  devised.  (2)  A  study  would  be  undertaken  to 
measure  the  magnitude  of  disrupted  winter  recreation  activities  at 
various  sites  adjacent  to  navigational  channels.  (3)  Sites  near 
navigational  channels  with  archaeological,  historical  and 
paleontological  resources  would  be  studied  for  means  of  preserving 
their  cultural  value  from  any  possible  impacts  by  season  extension 
activities.  (4)  A  social  well-being  account  study  would  investigate 
the  six  types  of  effects  previously  mentioned;  namely,  recreation, 
environment,  oil  spills,  shore  erosion  and  shore  structure  change, 
cross  channel  transportation,  and  occupational  groups,  with  a  long 
term  impact  analysis  of  season  extension  on  specific  regions. 

The  problem  of  potential  increased  local  unemployment  was  raised 
at  public  workshops  [39],  Although  the  role  that  each  local  area 
would  play  in  winter  navigation  has  yet  to  evolve,  a  recent  regional 
economic  analysis  [40]  indicates  that  winter  navigation  would 
increase  permanent  employment  opportunities  in  the  Great  Lakes 
Region. 
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This  Appendix  describes  the  hydraulic  characteristics  of  the 
Great  Lakes-St.  Lawrence  system  with  particular  emphasis  on  ice 
formation,  roughness,  thickness,  and  its  effects  on  levels  and  flows. 
It  includes  a  discussion  of  these  conditions  in  relation  to  normal 
conditions  and  the  possible  impact  that  changes  in  these  conditions 
(as  a  result  of  movement  of  vessels  through  the  ice)  may  have  on  the 
levels  and  flows  of  the  Great  Lakes,  the  Connecting  Channels  and  the 
St.  Lawrence  River. 

HYDRAULIC  CHARACTERISTICS  OF  THE  GREAT  LAKES-ST.  LAWRENCE  SYSTEM 

The  Great  Lakes-St.  Lawrence  Basin  shown  on  Figure  1  extends  from 
the  west  of  Lake  Superior  to  the  Gulf  of  St.  Lawrence  on  the  Atlantic 
Ocean,  a  distance  of  more  than  2,000  miles.  The  five  Great  Lakes, 
Superior,  Michigan,  Huron,  Erie,  and  Ontario,  and  their  connecting 
channels  and  Lake  St.  Clair,  have  a  water  surface  of  about  95,000 
square  miles. 

In  this  system,  the  outflows  from  Lake  Superior  discharge  through 
the  St.  Marys  River  into  Lakes  Michigan-Huron  (which  are  treated  as 
one  lake  because  of  a  common  water  surface  elevation).  Outflows  from 
Lakes  Michigan-Huron  flow  through  the  St.  Clair  River,  Lake  St.  Clair 
and  the  Detroit  River  into  Lake  Erie.  A  relatively  small  flow  (3,200 
cfs)  is  discharged  through  the  Chicago  Sanitary  and  Ship  Canal  into 
the  Mississippi  River  Basin.  From  Lake  Erie,  the  Niagara  River 
carries  the  main  outflow  into  Lake  Ontario.  An  annual  average  of 
about  700  cfs  (1,100  cfs  during  the  navigation  season)  is  diverted 
from  the  river  at  Tonawanda,  New  York,  and  passes  through  the  New 


FIGURE  1 


GREAT  LAKES-ST.  LAWRENCE  RIVER  DRAINAGE  SYSTEM 


l  York  State  Barge  Canal  to  Lake  Ontario.  In  addition  to  this 

diversion,  7,000  cfs  (6,500  cfs  in  the  winter)  are  diverted  directly 
from  Lake  Erie  into  the  Welland  Canal,  Ontario,  Canada.  This  canal 
is  used  for  vessel  navigation  between  Lake  Erie  and  Lake  Ontario. 

Outflow  from  Lake  Ontario  is  through  the  St.  Lawrence  River  into 
the  Gulf  of  St.  Lawrence  and  the  Atlantic  Ocean.  The  flow  in  the 
International  Section  of  the  St.  Lawrence  River  is  totally  controlled 
through  a  series  of  locks,  dams,  and  powerhouses. 

Two  additional  factors,  other  than  the  natural  factors,  which 
affect  the  levels  and  flows  within  the  Great  Lakes  System,  are  the 
Long  Lake  and  Qgoki  Diversions.  These  diversions,  which  divert  water 
into  Lake  Superior  from  the  Albany  River  basin,  Ontario,  Canada,  were 
started  in  1939  and  1943  and  increase  the  water  supply  to  the  System 
by  approximately  5,000  cfs  on  the  average. 

Lake  Superior 

Lake  Superior  is  the  largest  and  deepest  of  the  Great  Lakes  with 
an  extremely  large  heat  storage  capacity.  In  this  lake,  wind,  waves 
and  currents  have  a  more  pronounced  effect  upon  the  ice  cover  than  in 
the  other  lakes.  Wind  and  currents  produce  upwelling  of  lake  water, 
bringing  warm  water  into  contact  with  the  ice,  and  thus  cause  melting 
of  the  underside  of  the  ice  cover  even  though  air  temperatures  are 
below  freezing.  Upwelling  currents  not  only  change  the  extent  but 
also  the  distribution  of  ice  cover.  The  largest  extent  of  ice  cover 
observed  until  the  winter  of  1978-1979  on  Lake  Superior  was 
approximately  95  percent  and  occurred  at  least  twice  during  the 
previous  16  winters.  In  February  1979,  the  lake  became  100%  ice 
covered.  The  lake  surface  area  typically  can  be  expected  to  become 
40  percent  ice  covered  during  a  mild  winter,  60  percent  during 
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a  normal  winter,  and  95  percent  during  a  severe  winter.  The  maximum 
pattern  of  ice  coverage  of  the  lake  for  a  normal  winter  is  shown  on 
Figure  2.  Ice  thickness  in  excess  of  3  feet  in  the  harbors  along  the 
north  shore  is  common. 

The  initial  lake  ice  formation,  other  than  that  forming  in 
harbors  and  bays,  takes  place  along  the  north  shore;  in  Duluth, 
Minnesota;  and  Apostle  Islands,  Wisconsin  areas  in  the  western 
portion  of  the  lake.  As  the  ice  season  progresses,  the  ice  cover 
increases  so  that  the  entire  lake  perimeter  becomes  covered  with  an 
ice  sheet  extending  many  miles  out  into  the  lake.  During  mild  or 
normal  winters,  the  area  of  the  Lake  between  Stannard  Rock  and 
Caribou  Island  remains  ice  free  except  for  isolated  areas  of  drift 
ice.  The  average  dates  of  maximum  accumulation  of  freezing  degree 
days  will  vary  on  Lake  Superior  from  March  30  on  the  southeastern 
shore  (Marquette  to  Whitefish  Point,  Michigan)  to  April  10  on  the 
north  shore  in  the  Marathon,  Ontario  area.  Because  of  the  season 
duration,  ice  thickness,  and  the  textural  changes  which  take  place  in 
the  drifting  floes  on  this  most  northern  of  the  Great  Lakes,  the  ice 
cover  resembles  and  acts  as  an  arctic  ice  pack. 

Lake  Michigan 

Green  Bay  and  Big  and  Little  Bays  de  Noc  in  the  northwest  portion 
of  Lake  Michigan  are  the  areas  first  to  form  an  extensive  ice  cover. 
The  Straits  of  Mackinac  and  the  shallow  areas  to  the  north  of  Beaver 
Island,  Michigan,  are  the  next  areas  to  become  ice  covered.  The  ice 
accumulates  in  a  southerly  direction,  with  a  rapid  build  up  in  the 
relatively  shallow  area  east  of  the  Manitou  and  Fox  Islands  and  a 
slower  accumulation  around  the  southern  perimeter  of  the  Lake.  The 
unique  circular  current  patterns  of  southern  Lake  Michigan  distribute 
drifting  floes  along  the  shore.  Even  during  a  mild  ice  season,  these 
floes  can  consolidate  and  extend  from  the  shore  out  into  the  lake 


1-4 


m$§.  i  i 


mm 


"  •»  /'  V|  _-r  **'-' ■•vs, 

P^IP 

-Wjf 

AS*  •  ?*' 
.la  >,- 


£C°- 

fiw  m 

£31 

*nl 

ds  ® 

li€ 

i;  s 

ns 


o  |8  " 

25  slo  iU 

%  sB-  \ 

1/5  sU?  el 


•  Kv!  '•'•/•••  :-S§'::i-  •  ■  • 

--mg!}.  >rf 


:  Ippiv 

.Vi 


5:m':':,:4' 

;•..  ^.’4 


'■..••••  *  HO'y 

'  x-w  w : 

i- 

Aft/ 


£2  6-« 

o 

S  £ 


*  ^  *■:•: ;  )  , 
r  1 


v  • 

x  r 
Oo 

« 

o» 

S 

1 

«• 

• 

> 

•> 

> 

a: 

UJ 

Q.  > 

UJro 

<3 

g«. 

V'  o 

S° 

£ 

s° 

o 

°-  o 

ao 

uj£ 

z 

>-- 

z  . 

(/) 

UJ 

cr- 

w* 

o^ 

a. 

LUO 

Q.O 

-JO 

o 

>w 

o- 

HDD 

FIGURE  2 


CONSOLIDATED  PACK 


some  10  to  15  miles.  From  observations  made  during  the  1976-77 
winter,  the  lake  was  estimated  to  be  90  percent  ice  covered.  This 
was  the  greatest  areal  extent  of  ice  cover  actually  documented  until 
February  1979  when  coverage  became  100%.  Typically,  during  a  mild 
winter,  the  lake  surface  can  be  expected  to  become  10  percent 
covered,  40  percent  during  a  normal  winter,  and  80  percent  during  a 
severe  winter.  The  maximum  pattern  of  ice  coverage  of  the  lake  for  a 
normal  winter  is  shown  on  Figure  3.  During  a  normal  winter,  ice 
thickness  can  be  expected  to  vary  from  8  to  30  inches;  however,  some 
ice  ridges  have  had  recorded  depths  in  excess  of  29  feet.  Because  of 
Lake  Michigan's  north-south  orientation,  the  dates  of  maximum 
freezing  degree-day  accumulations  for  the  10-year  period  for  which 
records  are  available  range  from  March  10  at  Chicago,  Illinois,  in 
the  south  to  March  28  at  Escanaba,  Michigan,  at  the  northern  end  of 
Green  Bay.  The  fact  that  ice  formation  and  deterioration  can  be 
going  on  simultaneously  on  this  lake  accounts  for  this  difference  in 
dates. 

Lake  Huron 

In  general,  the  ice  formation  on  Lake  Huron  begins  along  the 
eastern  shoreline  of  Georgian  Bay,  along  the  North  Channel,  and  the 
St.  Marys  River.  Other  areas  of  extensive  ice  formation  during  the 
early  portion  of  the  season  are  the  Straits  of  Mackinac,  Thunder  Bay 
at  Alpena,  Michigan,  and  Saginaw  Bay.  From  all  indications,  the  deep 
north  central  basin  of  the  lake  rarely  has  an  appreciable  ice  cover. 

On  9  March  1967,  the  lake  was  observed  to  have  ice  covering 
approximately  80  percent  of  its  surface,  including  Georgian  Bay  and 
the  North  Channel.  In  February  1979,  coverage  became  100%.  The 
percent  of  lake  surface  that  can  be  typically  expected  to  become  ice 
covered  during  the  three  winter  classifications  is:  mild  winter  40 
percent;  normal  winter  60  percent;  and  a  severe  winter  80  percent. 
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The  maximum  pattern  of  ice  coverage  of  the  lake  for  a  normal  winter 
is  shown  on  Figure  4.  The  time  interval  between  the  dates  of  maximum 
freezing  degree-day  accumulations  between  the  north  and  the  south 
end  of  this  lake  is  similar  to  Lake  Michigan;  the  dates  vary  from 
March  11  at  Port  Huron  to  March  28  at  Mackinaw  City.  Also,  on  this 
lake,  ice  formation  and  deterioration  can  be  occurring 
simultaneously. 

Lake  St.  Clair 

Lake  St.  Clair,  not  considered  one  of  the  five  Great  Lakes,  is 
located  between  the  southern  end  of  Lake  Huron  and  the  northwestern 
end  of  Lake  Erie  and  separated  from  those  lakes  by  the  St.  Clair  and 
Detroit  Rivers.  It  has  a  surface  area  of  430  square  miles  and  an 
average  depth  of  only  11  feet.  Because  of  its  shallow  depth  and 
small  surface  area,  it  reacts  quickly  to  wind  conditions,  changing 
its  current  patterns  and  consequently,  the  patterns  of  ice 
distribution.  The  initial  ice  formation  usually  occurs  in  the 
shallows  of  Anchor  Bay,  along  the  St.  Clair  Shores,  Michigan  area  and 
along  the  eastern  shore  at  Mitchell  Bay,  Ontario,  on  the  Canadian 
side  of  the  lake.  As  a  result  of  the  prevailing  winds  and  currents, 
the  western  side  of  the  lake  is  the  last  to  become  ice  covered  and 
the  first  area  to  be  cleared  of  ice.  The  head  of  the  Detroit  River 
is  relatively  ice  free  for  the  entire  winter  except  for  minor  ice 
jams  caused  by  wind  and  current-concentrated  drift  ice.  Small 
scattered  open  water  areas  appear  and  disappear  at  the  mouths  of  the 
various  channels  of  the  St.  Clair  River  delta  during  the  entire 
winter.  The  ice,  during  the  period  of  greatest  cover,  varies  from 
medium  to  thick  winter  ice  in  the  sheltered  bays  and  shallows  to  thin 
young  ice  in  mid-lake.  Generally,  the  lake  will  attain  its  heaviest 
ice  cover  during  the  third  week  of  January.  The  maximum  pattern  of 
ice  coverage  of  the  lake  for  a  normal  winter  is  shown  on  Figure  5. 

As  the  breakup  of  the  ice  cover  on  this  lake  begins,  the  winds  and 
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currents  move  the  drifting  floes  to  the  head  of  the  Detroit  River, 
where  strong  river  currents  move  them  out  of  the  lake  and  downstream. 
This  allows  the  lake  to  become  ice  free  in  a  short  time.  In  February 
1979,  coverage  became  100%. 

Lake  Erie 

Lake  Erie  is  the  shallowest  and  most  thermally  unstable  of  the 
Great  Lakes  with  an  average  depth  of  only  64  feet.  This  lake  reacts 
rapidly  to  seasonal  temperature  changes  and  can  build  an  appreciable 
ice  cover  in  a  comparatively  short  time  (200  freezing  degree-days). 
The  areas  of  Lake  Erie  that  first  produce  an  extensive  ice  cover  are 
the  shallow  western  basin  and  the  inner  bay  at  Long  Point,  Ontario  to 
the  east.  The  extent  of  observed  ice  cover  estimated  to  be  in  excess 
of  95  percent  occurred  on  at  least  seven  different  occasions  during 
the  1960-76  period.  On  each  of  these  occurrences,  the  only  extensive 
open  water  area  observed  wa9  in  the  outer  Long  Point  Bay  area  of  the 
eastern  basin.  Coverage  became  100%  in  February  1979  with  much  of 
this  ice  being  very  thin.  Because  of  the  lake’s  rapid  reaction  to 
air  temperature  changes  and  other  meteorological  factors,  it  is 
possible  fcr  it  to  attain  an  ice  cover  occupying  from  95  to  100 
percent  of  its  surface  area  during  a  winter  classified  as  normal. 
During  a  mild  winter  the  areal  extent  of  the  ice  will  cover  50 
percent  of  the  lake.  The  maximum  ice  pattern  for  a  normal  winter  is 
shown  on  Figure  6.  The  lake  is  rapidly  cleared  of  ice  during  the 
thaw  period  except  for  the  Buffalo  area  ^n  the  eastern  end,  where 
prevailing  winds  and  currents  concentrate  the  drifting  ice.  Because 
the  capacity  of  the  Niagara  River  to  transport  ice  is  so  small  in 
relation  to  the  amount  of  ice  usually  present,  almost  all  of  the  ice 
must-  melt  in  the  lake.  Since  1964,  an  ice  boom  has  been  placed 
annually  at  the  head  of  the  river  to  reduce  the  duration  and 
frequency  of  damaging  ice  runs.  The  boom  is  removed  during  the 
latter  part  of  the  ice  season.  There  is  no  evidence  that  use  of  the 
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FIGURE  6 


boom  has  measurably  prolonged  the  duration  of  the  natural  ice  season 
in  eastern  Lake  Erie.  The  average  dates  of  maximum  accumulation  of 
freezing  degree-days  for  Lake  Erie  vary  from  March  5  in  the  west  to 
March  15  in  the  northeastern  epd  of  the  lake. 

Lake  Ontario 

Lake  Ontario,  with  its  mean  depth  of  283  feet  second  only  to  Lake 
Superior,  has  the  smallest  surface  area  of  all  the  Great  Lakes.  The 
small  surface  area  and  great  depth  give  Lake  Ontario  a  large  heat 
storage  capacity,  causing  it  to  respond  slowly  to  changing  air 
temperatures,  and  thereby  producing  a  small  ice  cover.  The  ice  cover 
on  Lake  Ontario  generally  forms  first  in  the  Bay  of  Quinte,  Ontario, 
and  the  shallow  areas  at  the  approaches  to  the  St.  Lawrence 'River. 

On  this  lake,  as  on  Lake  Erie,  the  prevailing  winds  and  currents  tend 
to  confine  and  concentrate  the  ice  cover  at  the  northeastern  end. 

The  extent  of  ice  cover  that  can  be  expected  to  form  during  the 
winter  season  classifications  is:  8  percent  of  the  surface  area 
during  a  mild  winter,  15  percent  for  a  normal  winter,  and  25  percent 
for  a  severe  winter.  The  maximum  pattern  of  ice  cover  for  a  normal 
winter  is  shown  on  Figure  7.  From  the  examination  of  available  ice 
formation  and  temperature  data,  an  ice  cover  of  more  than  25  percent 
of  the  surface  area  of  Lake  Ontario  would  indeed  require  a  severe 
winter.  In  February  1979,  the  coverage  became  90-95%,  the  majority 
of  the  ice  being  very  thin. 

Outlet  Rivers 

St.  Marys  River 

The  St.  Marys  River  is  the  completely  regulated  outlet  of  Lake 
Superior.  It  extends  from  Whitefish  Bay  approximately  70  miles 
downstream  to  Lake  Huron  and  falls  about  22  feet.  Most  of  the  fall 
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occurs  in  the  mile-long  St.  Marys  Rapids  located  between  the  cities 
of  Sault  Ste.  Marie,  Michigan,  and  Ontario.  The  flow  in  the  river 
has  been  completely  controlled  since  1921  by  means  of  a  gated  control 
dam  above  the  rapids.  In  addition  to  the  control  dam,  there  is  one 
Canadian  power  dam,  one  Canadian  lock.,  4  U..S.  locks,  and  2  U.S.  power 
•dams.  Figure  8  shows  the  abo ve  area  and  a  typical  winter 
distribution  of  flow  through  the  structures. 

The  International  Lake  Superior  Board  of  Control,  which  was 
established  pursuant  to  Orders  of  Approval  issued  by  the 
International  Joint  Commission  in  May  1914,  determines  monthly  the 
amount  of  the  release  of  water.  This  Board  directly  supervises  the 
operation  of  the  river  control  works  and  diversion  of  flows  to  the 
power  plants.  It  is  charged  with  maintenance  of  Lake  Superior  levels 
as  near  as  may  be  between  the  elevations  of  600.5  and  602.0  feet  IGLD 
(1955).  In  addition,  the  outflow  is  controlled  to  prevent  the  river 
levels  in  Soo  Harbor,  below  the  locks,  from  rising  above  the  flood 
elevation  of  582.9  feet. 

The  discharge  of  the  St.  Marys  River  has  averaged  75,000  cubic- 
feet  per  second  (cfs)  during  the  period  1900-1978.  The  maximum 
recorded  monthly  outflow  was  127,000  cfs  in  August  1943.  The  minimum 
was  41,000  cfs  in  September  1955  which  occurred  during  a  strike  af 
the  Edison  Sault  Power  Plant.  During  the  winter  months,  December 
through  April,  under  the  current  regulation  scheme,  outflows  are  kept 
within  a  limited  range  of  55,000  to  85,000  cfs.  The  minimum  outflow 
allows  a  minimum  supply  of  water  to  the  hydroelectric  plants  and 
locks,  with  a  mandatory  1/2  gate  open  on  the  control  dam  to  provide 
environmental  protection  for  the  rapids  area.  The  maximum  winter 
outflow  is  established  at  85,000  cfs.  Flows  in  excess  of  this  amount 
have  resulted  in  breakup  of  the  downstream  ice  cover,  ice  jams  and 
flooding  problems  in  Soo  Harbor.  Gates  on  the  control  structure  are 
generally  kept  at  one  setting  during  the  winter  months  because  heavy 
ice  accumulation  on  the  gates  makes  any  change  difficult.  Winter 
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DISTRIBUTION  OF  MONTHLY  FLOW  AT  ST.  MARYS  RAPIDS  (JAN.  1977) 


gate  movement  is  possible,  but  involves  extensive  chipping  and 
steaming  to  remove  ice  from  the  individual  gates  and  controls. 

Downstream  of  Soo  Harbor,  the  river  divides  into  two  channels 
around  Sugar  Island.  About  70  percent  of  the  flow  passes  through  the 
600  foot  wide  navigation  channel  called  Little  Rapids  Cut. 

Immediately  downstream  of  the  cut,  the  river  widens  into  a  broad, 
shallow  reach  called  Lake  Nicolet,  which  generally  maintains  a  solid 
ice  cover  throughout  the  winter.  The  head  of  the  cut  generally 
remains  open  much  of  the  winter.  Historically,  loose  ice  from  Soo 
Harbor,  broken  by  wind,  tends  to  drift  into  the  cut.  At  times,  this 
loose  ice  accumulates  in  layers  in  the  cut,  which:  (1)  builds 
upstream  until  it  hampers  Sugar  Island  ferry  operations;  (2)  hampers 
winter  navigation;  and  (3)  causes  water  levels  to  rise  upstream  in 
Soo  Harbor. 

In  an  effort  to  stabilize  the  ice  in  Soo  Harbor  and  reduce  the 
downstream  flow  of  ice  in  Little  Rapids  Cut  during  the  Winter 
Navigation  Demonstration  Program,  the  U.S.  Army  Engineer  District, 
Detroit,  designed  and  installed  an  ice  boom  across  the  entrance  to 
the  cut  just  upstream  of  the  Sugar  Island  ferry  crossing  (see  Figure 
9).  The  boom  was  first  installed  prior  to  the  ice  season  in  November 
1975  and  has  been  re-installed  each  November  to  date.  The  boom  is 
installed  in  two  sections,  extending  about  450  feet  on  the  mainland 
side  and  1,200  feet  out  from  Sugar  Island,  leaving  a  250  foot  opening 
for  ships  to  pass  through.  The  booms  are  effective  in  maintaining  an 
ice  cover  similar  to  that  experienced  in  winters  prior  to  winter 
navigation.  Analysis  of  water  level  gauge  records  during  the  past 
three  winters  indicates  the  booms  do  not  have  a  measurable  effect  on 
levels  of  Soo  Harbor  or  on  the  river  profile.  In  other  words,  the 
booo.>  have  allowed  navigation  to  proceed  without  affecting  levels  and 
flows  to  a  measureable  degree.  (For  a  detailed  analysis  of  the 
effects  of  the  ice  boom,  see  the  Annual  Report  entitled,  "Report  on 
the  St.  Marys  River  Ice  Boom  and  its  effects  on  Levels  and  Flews  in 
the  Soo  Harbor  Area,"  by  the  Detroit  District,  Corps  of  Engineers.) 
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Another  factor  that  impacts  on  Soo  Harbor  levels  is  the  backwater 
effect  from  Lake  Huron.  The  difference  in  water  levels  between  Soo 
Harbor  and  Lake  Huron  generally  varies  between  one  and  two  feet, 
depending  upon  outflow  and  Lake  Huron  elevation.  Easterly  and 
southerly  winds  can  raise  the  water  surface  at  the  northern  end  of 
Lake  Huron  and,  consequently,  raise  the  level  of  Soo  Harbor. 

A  portion  of  the  flow  proceeds  around  the  northern  side  of  Sugar 
Island,  through  what  is  known  as  the  Lake  George  Channel.  The 
channel  carries  about  30  percent  of  the  total  flow  during  open  water 
periods.  It  is  relatively  shallow  and  is  now  used  only  for  small 
boat  traffic.  During  the  last  century,  it  was  used  by  commercial 
vessals  until  the  Little  Rapids  Cut  was  dredged  through  a  series  of 
rapids  to  become  the  current  navigation  channel.  The  International 
Boundary  bisects  the  Lake  George  Channel  around  Sugar  Island.  The 
flow  in  the  Lake  George  Channel  continues  past  Sugar  Island  around 
St.  Joseph  Island  before  rejoining  the  mainstream  north  of  Detour 
Passage.  (See  Figure  10) 

Downstream  of  Lake  Nicolet,  the  Little  Rapids  flow  divides  around 
Neebish  Island  into  the  West  and  Middle  Neebish  Channels,  The  West 
Neebish  Channel  carries  about  28  percent  of  the  total  river  flow.  It 
passes  through  a  rectangular  rock  walled  channel  300  feet  wide,  27 
feet  deep,  and  1-3/4  mile  long  known  as  Rock  Cut.  The  Channel  was 
excavated  around  the  turn  of  the  century  through  a  series  of  rapids 
that  separated  Neebish  Island  from  ‘"he  U.S.  mainland.  The  West 
Neebish  Channel  is  used  primarily  by  ^ownbound  vessels  during  the 
summer  months.  In  winter  it  is  traditionally  closed  to  all 
navigation  and  a  stable  ice  cover  develops  upstream  and  downstream  of 
the  Rock  Cut. 

During  the  winter  months,  December  through  March,  all  ship 
traffic  is  confined  to  the  Middle  Neebish  Channel.  The  downbound 
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FIGURE  10 


traffic  is  loaded  while  the  upbound  traffic  is  empty.  This  longer 
channel  around  the  east  side  of  Neebish  Island  has  numerous  turns  and 
narrow  reaches  which  traditionally  develop  a  heavy  ice  cover. 
Continued  ship  traffic  causes  the  ice  to  layer  and  build  up  in  the 
turns,  making  navigation  difficult.  Traffic  control  has  been 
necessary  to  allow  only  one-way  traffic  at  any  given  time. 

Downstream  of  Neebish  Island,  the  river  broadens  into  the  wide 
shallow  expanse  of  Lake  Munuscong  where  current  velocities  are 
extremely  low.  The  22  mile  reach  between  Neebish  Island  and  DeTour 
Passage  is  essentially  at  Lake  Huron  elevation.  It  is  usually  the 
first  area  to  freeze  over  in  early  winter  and  the  last  to  break  up  in 
the  spring.  Ice  thickness  often  exceeds  3  feet  in  the  undisturbed 
areas  and  becomes  considerably  thicker  adjacent  to  and  in  the 
navigation  track  and  turns  where  vessel  movement  causes  a  build-up  by 
pushing  floes  under  the  existing  cover. 

The  mile  wide  DeTour  Passage,  between  Drummond  Island  and  the 
Upper  Peninsula  mainland,  is  the  navigation  outlet  of  the  St.  Marys 
River  into  Lake  Huron  at  Point  DeTour.  An  automobile  ferry  operates 
across  the  passage  between  Drummond  Island  and  DeTour,  Michigan. 

This  area  generally  remains  open  much  of  the  winter.  A  natural  ice 
bridge  forms  across  the  northern  edge  of  the  passage  between  the 
mainland,  Pipe  Island,  and  Drummond  Island.  The  ice  arch  may  extend 
south  to  the  ferry  crossing  during  extended  periods  of  cold  weather. 
Current  velocities  are  very  low  in  the  passage.  Ice  floes  from  Lake 
Huron  and  loose  ice  from  north  of  the  passage  tend  to  move  both  north 
and  south  through  the  passage  under  the  influence  of  prevailing 
winds. 

Occasionally,  the  passage  becomes  filled  with  ice  which  remains 
until  strong  northerly  winds  move  the  ice  south  into  Lake  Huron. 
During  these  periods  the  ferry  has  difficulty  in  maintaining  an  open 
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track  across  the  river.  At  other  times,  loose  ice  is  blown  against 
the  ferry  landings  which  greatly  hampers  its  docking. 


Straits  of  Mackinac 

Lakes  Michigan  and  Huron  share  a  common  water  surface  elevation 
and  are  considered  hydraulically  as  one  lake.  Current  direction  and 
velocities  through  the  Straits  vary  with  the  predominant  wind 
direction,  but  the  net  flow  is  from  Lake  Michigan  to  Lake  Huron. 

This  outflow  has  been  estimated  to  average  about  52,000  cfs.  Because 
of  the  relatively  wide  expanse  of  the  Straits,  the  average  current 
velocity  is  less  than  0.1  foot  per  second.  A  significant  ice  cover 
generally  forms  in  this  area,  extending  east  and  west  into  both 
lakes,  causing  difficulty  for  transiting  ships  also  aggravated  by 
shifting  ice. 

The  St.  Clair-Detroit  Rivers 


The  St.  Clair-Detroit  River  system  extends  from  the  southern  end 
of  Lake  Huron  approximately  86  miles  into  Lake  Erie.  The  system  is 
divided  into  three  distinct  parts:  the  St.  Clair  River,  which  has  a 
length  of  39  miles;  Lake  St.  Clair,  with  a  vessel  travel  distance  of 
16  miles  between  the  mouth  of  the  St.  Clair  River  and  the  head  of  the 
Detroit  River;  and  the  Detroit  River  which  extends  32  miles  to  Lake 
Erie. 

St.  Clair  River 


The  monthly  discharge  of  the  St.  Clair  River  averages  about 
180,000  cubic  feet  per  second  (cfs)  but  has  varied  between  106,000 
cfs  and  232,000  cfs  during  the  period  1900  to  1978.  The  rate  of 
discharge  is  predominantly  determined  by  the  upstream  and  downstream 
lake  elevations;  but  the  discharge  is  also  affected  by  changes  in  the 
channel  area  and  by  the  retardation  effect  of  ice. 
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The  St.  Clair  River  has  a  fall  of  about  5  feet.  The  upper 
portion  of  the  river  is  a  relatively  straight  channel  from  its  head 
at  Port  Huron,  Michigan,  downstream  29  miles  to  Algonac,  Michigan. 
There  it  branches  into  three  major  channels  (North,  Middle,  and  South 
Channels)  and  numerous  smaller  channels  in  a  delta  area  known  as  the 
St.  Clair  Flats,  before  entering  Lake  St.  Clair.  The  narrowest 
portion  of  the  river,  which  is  800  feet  wide  for  a  distance  of  about 
1,300  feet,  occurs  at  the  outlet  of  Lake  Huron  in  the  vicinity  of  the 
Blue  Water  Bridge.  At  this  location,  current  velocities  are  at  a 
maximum,  averaging  5  to  6  feet  per  second  (fps),  but  often  exceeding 
10-12  fps  under  the  influence  of  northerly  winds  on  Lake  Huron. 
Downstream  of  this  narrow  restriction  at  Port  Huron,  the  river 
becomes  1/4  to  1/2  mile  wide.  Current  velocities  are  swift, 
averaging  2.5  to  5  feet  per  second,  which  prevent  a  stable  ice  cover 
from  forming. 

Downstream  of  Algonac,  Michigan,  the  main  navigation  channel  is 
through  the  South  Channel.  During  the  period  1959  to  1962,  the  lower 
end  of  the  South  Channel  was  straightened  with  a  dredged  cut-off 
canal  into  Lake  St.  Clair,  eliminating  passage  through  the  old 
Southeast  Bend  Channel. 

Historically,  during  the  winter,  floe  ice  from  Lake  Huron  enters 
the  river,  generally  under  the  influence  of  northerly  winds.  The 
current  carries  the  floes  downstream  until  meeting  the  resistance  of 
the  solid  ice  cover  of  Lake  St.  Clair.  The  broken  ice  pieces  tend  to 
compress  into  a  jagged  ice  cover  that  backs  upstream  as  more  ice 
enters  the  system.  During  a  normal  winter,  the  ice  cover  may  extend 
upstream  5  to  10  miles.  There  have  been  extreme  periods  when  it 
extended  nearly  to  Lake  Huron.  The  main  factor  which  influences  the 
amount  of  ice  entering  the  river  is  the  stability  of  an  ice  bridge 
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(natural  Ice  arch)  that  forms  in  lower  Lake  Huron  at  the  head  of  the 
river.  This  occurs  when  a  large  sheet  of  ice  becomes  lodged  in  the 
narrowing  confine  to  the  river  opening  and  prevents  additional  ice 
from  entering  the  system.  It  also  causes  lake  ice  pieces  to 
consolidate  and  freeze  together  into  a  solid,  stable  sheet  bridging 
the  river  entrance  from  the  U.S.  to  Canada.  This  condition  may  last 
through  the  winter  or  may  be  disrupted  by  southerly  winds  which  tend 
to  break  up  the  ice  cover.  When  the  wind  shifts  back  to  northerly, 
the  broken  ice  is  pushed  into  the  river.  As  the  broken  ice  reaches 
the  ice  cover  of  the  lower  river,  pieces  are  pushed  against  it. 

Those  that  lodge  vertically  extend  below  the  bottom  of  the  ice  cover 
and  trap  pieces  shoved  under  the  ice  pack.  In  extreme  cases,  this 
process  continues  until  an  ice  jam  occurs  wh-ch  may  reduce  the  river 
flow  by  half.  Ice  not  trapped,  passes  under  the  ice  cover,  through 
the  channels  in  the  lower  St.  Clair  River  and  into  Lake  St.  Clair. 

The  presence  of  the  downstream  ice  cover  causes  a  paradox  of 
both  beneficial  and  adverse  effects.  Beneficially,  the  retardation 
effect  of  the  ice  cover  produces  a  natural  regulation  of  the 
outflows.  Water  that  would  normally  flow  through  the  river  under 
open  water  conditions  is  stored  on  the  upper  lake.  The  reduced 
outflow  also  reduces  supply  to  Lakes  St.  Clair  and  Erie,  causing 
their  levels  to  drop  throughout  most  of  the  winter.  Conversely,  the 
ice  buildup  in  the  lower  river  has  hampered  the  limited  winter 
navigation  which  has  occurred  traditionally  and  during  the 
Demonstration  Program.  The  ice  cover  tends  to  layer  and  compact  under 
the  influence  of  wind  and  current.  Icebreaker  a r  istance  is  required 
at  times  to  escort  ships  through  the  most  critical  reach  between 
Algonac,  Michigan,  and  Lake  St.  Clair.  (Reference:  Great  Lakes 
Basin  Framework  Study,  Appendix  II,  Levels  and  Flows,  by  the  Great 
Lakes  Basin  Commission,  1975.) 


1-24 


Over  the  years,  some  portions  of  the  St.  Clair  River  have  been 
deepened  and  straightened,  which  ha6  resulted  in  a  lessening  of  ice 
buildup  and  ice  retardation  in  the  river.  These  improvements  for 
navigation  allow  ice  to  exit  the  system  at  a  faster  rate,  thereby 
decreasing  the  natural  retardation  effect  discussed  earlier.  An 
analysis  of  computed  ice  retardation  for  the  period  1900-1978 
indicated  that  a  lower  degree  of  ice  retardation  began  to  be 
experienced  in  the  mid  1930's  (see  Figure  11)  following  completion  of 
the  construction  of  the  25  foot  deep  draft  channel.  Figure  11  also 
shows  that  the  construction  of  the  new  St.  Clair  cut-off  channel 
(1960-62),  and  deepening  of  the  channel  to  27  feet  also  decreased  the 
degree  of  ice  retardation  being  experienced.  This  evidence  would 
indicate  that  these  changes  not  only  resulted  in  more  efficient 
channels  for  navigation  but  for  ice  passage  as  well.  The  flow 
retardation  caused  by  ice  in  the  St.  Clair  River  during  the  period 
1930  through  1978  averaged  about  3,000  cfs  in  December,  26,000  cfs  in 
January,  32,000  cfs  in  February,  12,000  cfs  in  March,  and  about  1,000 
cfs  in  April.  This  is  in  comparison  with  the  average  for  the  period 
1900  through  1929  of  about  4,000  cfs  in  December,  36,000  cfs  in 
January,  48,000  cfs  in  February,  23,000  cfs  in  March,  and  6,000  cfs 
in  April. 

Lake  St.  Clair 


Lake  St.  Clair  is  a  shallow  oval  shaped  basin  with  an  average 
depth  of  11  feet  and  a  maximum  depth  of  21  feet,  except  for  the 
manmade  navigation  channel  which  has  been  dredged  to  a  depth  of  27 
feet.  The  lake  is  about  26  miles  long  by  24  miles  wide  and  is 
considered  part  of  the  connecting  channel  between  Lakes 
Michigan-Huron  and  Erie.  Because  the  lake  is  relatively  small  and 
shallow,  it  generally  retains  a  stable  ice  cover  throughout  the 
winter. 
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CUMULATIVE  ICE  RETARDATION  -  CFS 

Each  Years  Retardation  Value  Added  to  the  Total 
of  All  Previous  Winters  Retardation  Values) 
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FIGURE  11 


Detroit  River 


The  Detroit  River  flows  in  a  southwesterly  direction,  a  distance 
of  32  miles,  from  Lake  St.  Clair  to  Lake  Erie.  It  falls  about  3  feet 
between  the  two  lakes  and  has  an  average  discharge  of  185,000  cfs. 

The  upper  portion  of  the  river  has  a  deep,  unobstructed  channel 
except  for  Peach  Island  and  Belle  Isle  at  its  head.  The  lower 
portion  of  the  river  is  broad  and  shallow.  It  is  characterized  by 
many  islands,  channels  and  compensating  dikes.  The  navigation 
channels  are  cut  through  an  extensive  limestone  outcrop.  During  open 
water  conditions,  downbound  traffic  travels  through  the  600-foot  wide 
rock-diked  Livingstone  Channel,  west  of  Bois  Blanc  Island,  Ontario. 
Upbound  traffic  travels  the  wider,  less  straight,  Amherstburg  Channel 
east  of  Bois  Blanc  Island.  During  the  winter  months,  all  ship 
traffic  uses  the  Livingstone  Channel  as  the  most  direct  and  ice-free 
route.  Compensating  dikes  were  constructed  in  the  Detroit  River  to 
control  the  discharge  capacity  by  an  amount  equal  to  most  of  the 
navigation  improvements  brought  about  by  the  25  foot  and  27  foot 
navigation  projects.  In  other  words,  the  dikes  were  built  to 
maintain  water  levels  at  normal  elevations  in  spite  of  the  enlarged 
channels  allowing  increased  flow  to  occur. 

Ice  conditions  are  considerably  different  in  the  Detroit  River 
from  those  in  the  St.  Clair  River.  A  large  ice  bridge  or  arch 
develops  at  the  head  of  the  Detroit  River  upstream  of  Peach  Island  In 
Lake  St.  Clair.  Downstream,  the  river  remains  open  due  to  the  swift 
current.  A  downstream  ice  cover  develops  in  the  broad  shallow  areas 
among  the  lower  islands,  but  generally,  the  main  navigation  channels, 
particularly  the  Livingstone  Channel,  remain  open  if  ice  entering  the 
channel  can  flow  through  into  Lake  Erie.  Ice  in  western  Lake  Erie 
tends  to  shift  around  in  large  sheets  under  the  influence  of 
prevailing  winds.  Westerly  winds  will  generally  create  large  areas 
of  open  water  downstream  of  the  Livingstone  Channel  and  absorb  any 
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ice  floating  through  the  system.  Easterly  winds  blow  ice  into  the 
lower  river  and  cause  jams  that  both  raise  upstream  levels  and  hamper 
navigation. 

Floe  ice  enters  the  upper  Detroit  River  frdm  the  deterioration  of 
the  Lake  St.  Clair  ice  bridge.  The  bridge  remains  stable  in  the  open 
lake  one  to  two  miles  above  Peach  Island.  During  periods  of 
subfreezing  temperatures,  the  edge  of  the  ice  bridge  extends 
downstream  to  Peach  Island,  forming  an  ice  arch  on  either  side  of  the 
island.  During  periods  of  above  freezing  temperatures,  the  ice 
bridge  erodes  back  into  the  lake  under  the  influence  of  wind  and 
river  current,  causing  large  sheets  of  ice  to  drift  downstream.  If 
Lake  Erie  ice  blocks  the  lower  end  of  the  river,  ice  back-up  results. 
Occasionally,  during  a  prolonged  warm  spell  or  an  early  spring 
breakup  on  Lake  St.  Clair,  the  entire  river  may  fill  with  ice. 
Downstream  flooding  does  not  appear  to  be  a  serious  problem  because 
most  of  the  shoreline  development  is  designed  to  tolerate  occasional 
high  levels  resulting  from  the  seiche  effect  on  Lake  Erie.  Strong 
easterly  winds  temporarily  raise  western  Lake  Erie  levels  which,  at 
times,  exceed  7  feet  above  chart  datum.  This  effect  is  carried  up 
the  Detroit  River  such  that,  on  rare  occasions,  the  flow  has  actually 
reversed  direction  for  a  short  period.  Winter  flows  are  computed 
utilizing  ice-free  reaches,  wherever  they  exist,  because  the 
retardation  effects  of  an  ice  cover  or  ice  jams  cause  abnormal  levels 
in  those  areas.  These  computations  indicate  that  the  average  flow 
retardation  caused  by  ice  in  the  Detroit  River  for  the  period  1930 
through  1978  is  about  5,000  cfs  in  December,  10,000  cfs  in  January, 
6,000  cfs  in  February,  ?.,000  cfs  in  March,  and  1,000  cfs  in  April. 
This  is  in  comparison  with  the  average  for  the  period  1900  through 
1929  of  about  5,000  cfs  in  December,  15,000  cfs  in  January  and 
February,  8,000  cfs  in  March,  and  2,000  cfs  in  April. 
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Niagara  River 

The  Niagara  River  forms  the  natural  outlet  from  Lake  Erie.  It 
flows  in  a  northwesterly  direction  about  36  miles  into  Lake  Ontario 
as  shown  on  Figure  1.  Total  fall  between  the  two  lakes  is  about  327 
feet.  The  river  drops  about  10  feet  in  the  first  24  miles,  another 
55  feet  in  the  mile-long  rapids  above  Niagara  Falls,  about  185  feet 
over  the  falls  and  another  77  feet  through  a  series  of  cascades  and 
rapids  to  Lake  Ontario.  The  average  discharge  of  the  river  between 
1900  and  1978  was  about  198,000  cfs.  It  has  varied  betwee  a  minimum 
flow  of  116,000  cfs  to  a  maximum  of  265,000  cfs. 

A  small  amount  of  water  (yearly  average  700  cfs)  is  diverted  out 
of  the  Niagara  River  upstream  of  the  falls  at  Tonawanda,  New  York,  to 
flow  through  the  New  York  State  Barge  Canal.  This  diversion  has 
occurred  since  1825.  High  water  levels  of  the  canal  are  discharged 
into  Lake  Ontario  at  several  places  along  the  route.  The  final  point 
of  outflow  for  waters  diverted  from  the  Niagara  River  is  through  the 
Oswego  Canal,  a  30  mile  long  canal  discharging  into  Lake  Ontario  at 
Oswego,  New  York. 

Following  the  construction  of  the  two  hydroelectric  power  plants, 
in  1962,  by  Ontario  Hydro  on  the  Canadian  side  and  the  Power 
Authority  of  the  State  of  New  York  (PASNY)  on  the  U.S.  side,  the  flow 
over  Niagara  Falls  has  been  partially  regulated  by  an  18-gate 
structure  extending  about  halfway  across  the  river.  By  international 
treaty,  a  minimum  of  100,000  cfs  must  flow  over  the  Falls  during  the 
daylight  hours  of  the  tourist  season,  May  through  October.  At  other 
times,  a  minimum  of  50,000  cfs  must  flow  over  the  falls.  The 
remainder  of  the  river  flow  can  be  diverted  for  power  purposes.  This 
control  structure,  being  about  20  miles  downstream,  has  no  detectable 
effect  on  the  Lake  Erie  outflows. 
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Without  the  gated  structure,  these  large  power  diversions  would 
have  lowered  levels  of  the  Niagara  River  about  4  feet  in  the  vicinity 
of  the  intakes  and  would  have  significantly  lowered  the  levels  of  the 
upper  river.  To  compensate  for  the  power  diversion,  a  structure  was 
constructed  downstream  of  the  intakes.  The  structure  is  2,120  feet 
long  and  has  18  gates,  each  100  feet  long  and  10.5  feet  high.  The 
structure  is  operated  to  maintain  the  river  level,  with  certain 
allowable  tolerances,  at  the  long  term  average  level  that  prevailed 
at  the  site  of  the  control  structure  before  its  construction. 

Historically,  ice  has  been  a  problem  in  the  Niagara  River.  The 
Lake  Erie  ice  field  near  the  entrance  to  the  river  usually  arches 
between  the  Canadian  and  United  States  shore  and  restricts  movement 
of  lake  ice  into  the  river.  When  the  ice  is  forming,  or  when  the 
lake  is  under  adverse  conditions  of  wind  and  temperature,  the  arch 
and  the  ice  behind  it  may  break  and  cause  ice  to  jam  in  the  river 
above  the  falls.  The  jams  would  greatly  restrict  the  flow  necessary 
for  power  production  and  also  cause  extensive  shoreline  damage  in  the 
Upper  Niagara  River. 

Each  winter,  since  1964,  the  two  power  entities  (Ontario  Hydro 
and  PAS NY)  have  installed  an  ice  boom  at  the  outlet  of  Lake  Erie. 

The  boom  appears  to  be  effective  and  has  significantly  reduced  shore 
property  damage  and  losses  to  power  production.  (The  operation  of 
this  boom  is  detailed  in  each  annual  report  by  the  International 
Niagara  Board  of  Control  to  the  International  Joint  Commission 
entitled,  "Operation  of  Lake  Erie-Niagara  River  Ice  Boom.") 

Since  vessels  use  the  Welland  Canal  between  Lake  Erie  and  Lake 
Ontario  to  bypass  Niagara  Falls,  there  would  be  no  effect  on  the 
flows  of  the  Niagara  River  as  a  result  of  winter  navigation. 


Welland  Canal 


In  addition  to  Lake  Erie  outflow  through  the  Niagara  River,  some 
water  is  diverted  through  the  Welland  Canal,  located  in  Canada,  about 
10  miles  west  of  the  head  of  the  river.  This  is  the  main  navigation 
canal  between  Lakes  Erie  and  Ontario.  It  contains  8  locks  and  allows 
ships  to  overcome  the  327  foot  difference  between  Lakes  Erie  and 
Ontario.  Since  1950,  the  Welland  diversion  has  averaged  between 
7,000  and  8,000  cfs.  This  water  is  principally  used  to  operate  the 
locks  (700  cfs)  and  to  generate  power  at  the  DeCew  Falls 
hydroelectric  plant  (6,400  cfs). 

At  the  present  time,  during  the  early  winter  months,  limited 
navigation  through  the  canal  occurs  when  mild  ice  and  weather 
conditions  permit  the  locks  to  operate.  Under  a  condition  of  full 
navigation  season  extension,  greater  use  of  the  Canal  would  be 
essential.  The  average  April- November  flow  through  the  Canal  for  the 
period  1965-1978  was  approximately  8,100  cfs.  The  average  for  the 
traditional  non-navigation  season  (December-March)  flow  over  the  same 
period  (excluding  winter  1972-1973  when  the  Canal  was  shut  down  for 
modifications)  was  7,300  cfs. 

St.  Lawrence  River 


The  St.  Lawrence  River  is  the  natural  outlet  from  Lake  Ontario  to 
the  Gulf  of  St.  Lawrence.  It  flows  In  a  northeasterly  direction  a 
distance  of  530  miles,  falling  about  246  feet  through  a  series  of 
power  dams  and  locks.  The  average  discharge  of  the  river  between 
1900  and  1978  was  about  238,000  cfs.  Most  of  the  fall,  about  226 
feet,  occurs  between  Lake  Ontario  and  Montreal  Harbor,  a  distance  of 
about  183  miles.  Most  of  the  remaining  20  feet  of  fall  occurs  in  the 
160  miles  between  Montreal  and  Quebec  City.  The  river  can  be  divided 
into  two  reaches  when  discussing  navigation.  Below  Montreal, 
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navigation  operates  at  most  times  throughout  the  winter  with  the 
assistance  of  icebreakers.  However,  above  that  pint,  navigation  has 
traditionally  ended  in  the  mid  to  latter  part  of  December. 

Regulation  of  Lake  Ontario  began  in  April  196G  as  part  of  the  St. 
Lawrence  Seaway  and  Power  Project.  Principal  regulatory  works  are 
shown  on  Figure  12.  These  structures  control  the  total  outflow  from 
Lake  Ontario.  The  Moses-Saunders  Power  Dam  extends  3,300  feet  across 
the  St.  Lawrence  River  from  Barnhart  Island,  New  York,  to  Cornwall, 
Ontario.  The  total  river  discharge,  except  for  that  which  is  needed 
for  navigation  and  domestic  use,  normally  flows  through  this  dam. 

The  channel  south  of  Barnhart  Island  is  closed  by  the  3,000  foot  Long 
Sault  Flood  Control  Dam.  It  contains  thirty  spillway  gates  and  can 
handle  the  entire  river  discharge,  if  required.  The  power  pool, 
known  as  Lake  St.  Lawrence,  extends  25  miles  upstream  from  the 
Moses-Saunders  power  dam  to  Iroquois  Dam.  Iroquois  Dam  is  a  1,800 
foot  long  structure  which  can  be  used  in  an  emergency  to  control  the 
entire  outflow  from  Lake  Ontario.  However,  since  1960,  Iroquois  Dam 
has  operated  only  a  few  days  each  year  for  ice  formation  and/or  ice 
control,  or  for  reducing  seiche  effects. 

The  portion  of  the  St.  Lawrence  River  which  extends  upstream  from 
the  Moses-Saunder  Power  Dam  to  Lake  Ontario  is  known  as  the 
International  (Canada  and  U.S.)  Section  of  the  river.  The  portion 
downstream  of  the  power  dam  to  the  Gulf  of  St.  Lawrence  is  known  as 
the  National  (Canada  only)  Section. 

Lake  Ontario's  outflow  is  regulated  to  satisfy  the  International 
Joint  Commission's  Orders  of  Approval  dated  October  29,  1952,  and 
July  2,  1956.  The  "Order”  contains  a  series  of  criteria  for  the 
regulation  of  Lake  Ontario  so  that  the  benefits  of  regulation  are 
equitably  distributed  among  the  navigation,  power,  and  riparian 
interests.  The  plan  (1958-D)  which  is  currently  in  use  was  designed 
and  tested  using  the  water  supply  sequence  experienced  from  1860 
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LONG  SAULT 


LAKE  ONTARIO  REGULATORY  WORKS 


through  1954.  The  International  St.  Lawrence  River  Board  of  Control 
is  charged  by  the  International  Joint  Commission  with  the 
responsibility  for  the  regulation  of  the  lake  and  satisfaction  of  the 
criteria. 

The  regulation  plan  currently  in  use  does  not  provide  for 
navigation  beyond  about  mid-December  nor  before  about  1  April  of  each 
year.  During  this  period  a  series  of  ice  booms  are  installed  in  the 
Canadian  Beauharnois  Power  and  Navigation  Canal  upstream  of  Montreal 
and  in  the  International  Rapids  Section  of  the  River.  It  is 
desirable  that  these  ice  booms  be  installed  prior  to  the  onset  of  ice 
conditions  so  that  the  formation  of  an  ice  cover  can  be  accelerated, 
ice  movement  minimized,  the  risk  of  jamming  decreased,  and,  as  a 
consequence,  the  discharge  capacity  of  the  river  maintained  for  the 
remainder  of  the  winter.  In  addition,  as  part  of  the  St.  Lawrence 
River  Power  and  Navigation  project,  dredging  was  done  in  the  river  to 
improve  navigation  depths  and  provide  velocities  suitable  for  ice 
formation.  Of  particular  concern  now  and  during  any  planned  winter 
navigation  operations,  is  the  Cardinal  to  Qgden  Island  reach  where 
slush  ice  and  floes  feed  the  upstream  end  of  the  stable  ice  cover 
forming  a  hanging  ice  dam  (reported  thicknesses  to  30  feet).  The 
regulation  plan  also  provides  for  a  reduction  in  flow  during  the 
early  winter  period  to  aid  in  the  formation  of  this  stable  ice  cover. 
The  maintenance  of  this  stable  ice  cover  is  critical  on  this  river  to 
prevent  the  formation  of  additional  ice  in  quantities  that  would 
result  in  jamming,  which  could  stop  ship  movement,  cause  flooding 
upstream  of  the  jam,  and  reduce  the  water  available  for  power 
production.  Any  disturbance  of  the  ice  cover  by  meteorological 
conditions,  or  from  other  effects  may  cause  reduced  discharges  from 
Lake  Ontario,  consequently  raising  Lake  Ontario  levels  and,  under 
high  water  supply  conditions,  could  result  in  shoreline  damage  on 
Lake  Ontario. 
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Currently,  there  is  no  attempt  in  the  plan  of  regulation  to 
maintain  low  water  datum  (minimum  depths  for  navigation)  elevation  in 
the  St.  Lawrence  River  during  the  winter  months.  Hence,  during  this 
period,  weekly  average  depths  can  be  as  much  as  4  feet  below  that 
required  for  the  minimum  navigation  depths.  Ice  thickness  in  the 
channel  sections  may  average  2  to  3  feet  with  maximum  thicknesses  in 
areas  where  ice  piles  up  20  to  30  feet,  while  lake  ice  may  only  reach 
a  thickness  of  1.5  to  2.5  feet.  (The  Annual  Report  on  Ice  Phenomenon 
-  St.  Lawrence  Power  Project,  produced  by  the  Power  Authority  of  the 
State  of  New  York  and  Ontario  Hydro  for  the  Operations  Advisory  Group 
of  the  International  St.  Lawrence  River  Board  of  Control.  Each  of 
the  annual  reports  contains  information  pertinent  to  the  formation, 
retention,  and  deterioration  of  the  ice  cover  in  the  International 
Section  of  the  St.  Lawrence  River.) 

DESCRIPTION  OF  THE  PROBLEM 


The  levels  of  the  Great  Lakes  reflect  the  total  supply  of  water 
to  the  lakes  and  that  which  flows  out  through  their  connecting 
channels.  Since  these  channels  are  presently  subject  to  blockage  or 
retardation  due  to  ice,  anything  which  affects  this  natural  process 
could,  in  turn.  Impact  on  the  lake  levels.  Since,  historically, 
significant  navigation  ends  by  mid-December,  extension  of  the  season 
could  have  an  effect  on  these  ice  formation  and  retention  processes. 
The  formation  of  a  stable  Ice  cover  is  important  throughout  the  Great 
Lakes/St.  Lawrence  System.  The  extended  season  might  cause  the  ice 
to  be  rougher,  thereby  increasing  retardation,  or  measures  may  be 
introduced  which  would  reduce  Ice  retardation.  Should  the  navigation 
season  extension  cause  a  change  in  levels,  there  would  be  a 
redistribution  of  benefits  to  the  navigation,  power,  and  shore 
property  interests.  However,  any  impacts  on  levels  and  flows  could 
be  negated  by  modifications  to  the  physical  system  and/or  the  Lakes 
Superior  and  Ontario  operational  regulation  plans. 
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It  should  be  noted  that  the  analyses  presented  in  this  report  are 
not  to  be  considered  as  a  prediction  of  possible  future  events  but  do 
show  the  conditions  for  a  hypothetical  range  of  impacts. 

SCOPE  OF  THE  INVESTIGATION 

The  scope  of  this  investigation  was  limited  to  the  possible 
impacts  on  Great  Lakes  levels  and  flows  for  10  and  12  month  ! 

navigation  above  the  Welland  Canal  and  to  determine  the  feasible 
navigation  period  below  Lake  Erie. 

To  establish  the  broadest  range  of  impacts  that  could  conceivably 
occur,  to  insure  consideration  of  this  range  in  the  current 
feasibility  analysis,  and  to  set  the  stage  for  a  more  detailed 
analysis,  as  necessary  in  the  future,  the  study  has: 

a.  Determined  the  possible  effects  on  the  levels  and  flows  of 
the  system  from  a  range  of  possible  changes  in  ice  retardation 
resulting  from  changes  in  historic  ice  retardation  assuming  no 
physical  change  in  capacities  of  the  system; 

b.  Determined  the  potential  change  in  frequency  of  occurrence  of 
levels  below  Lower  Water  Datum  (LWD)  under  a.  above; 

c.  Determined  the  potential  effect  on  the  St.  Lawrence  River  of 
a  change  in  the  river  ice  roughness,  a  change  in  the  river  ice 
thickness  and  of  ice  dams; 

d.  Identified  additional  modifications  to  the  physical  system 
and/or  the  operational  regulation  plans  on  Lakes  Superior  and  Ontario 
required  to  minimize  or  eliminate  the  impacts  determined  above;  and, 

e.  Analyzed  the  effects  of  a.  and  b.  above  on  the  water  intakes 
for  the  power  plants  along  the  St.  Clair  and  Detroit  Rivers. 
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The  possible  impacts  have  been  measured  as  a  change  in  lake 
elevation  or  a  change  in  levels  and  flows  in.  the  outlet  channels  with 
respect  to  a  Base  Case.  The  Base  Case  was  derived  using  the  inputs 
listed  in  the  following  section  entitled  "Basic  Data."  In  order  to 
reflect  the  current  regime  of  the  Great  Lakes-St.  Lawrence  System, 
the  1960-1978  historic  period  was  selected  to  represent  Base  Case,  as 
this  period  most  accurately  reflects  the  present  conditions.  The 
period  of  record  data  (1900-1978)  is  presented  as  a  back-up  analysis. 
The  earlier  data  were  not  used  as  the  primary  comparison  base 
because,  given  the  historic  meteorological  and  hydrological 
conditions  and  the  current  Great  Lakes  outlet  coni.'tlons,  the  period 
of  record  iqe  retardations  and  levels  would  not  have  been  reproduced. 

BASIC  DATA 

The  January  1900  -  June  1973  basic  data  employed  in  this  study  are 
identical  t:o  the  data  documented  in  the  7  December  1973  Report  of  the 
International  Great  Lakes  Levels  Board  to  the  International  Joint 
Commission  for  the  following  parameters: 

a.  Monthly  mean  net  basin  supplies  for  Lakes  Superior,  Michigan- 
Huron  and  St,  Clair; 

b.  Quarter  month  mean  net  basin  supplies  for  Lakes  Erie  and 
Ontario; 


c.  Monthly  mean  ice  and  weed  retardation  values  for  the  St. 

Clair  and  Detroit  Rivers;  and, 

d.  Quarter  month  mean  differences  between  Lake  St.  Louis  outflow 
and  Lake  Ontario  outflow. 
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A  detailed  description  of  the  development  of  the  above  data  is 
given  in  Volume  2  of  Appendix  "B"  of  the  1973  Levels  Board  Report. 

The  period  was  extended  from  July  1973  through  December  1978 
utilizing  data  coordinated  with  Environment  Canada. 

The  Niagara  River  ice  and  weed  retardation  values  are  the  average 
values  reported  in  Section  24  of  the  Lake  Erie  Outflow  1860-1964  with 
Addendum  1965-1975  Report  by  the  Coordinating  Committee  on  Great 
Lakes  Basic  Hydraulic. and  Hydrologic  Data,  June  1976. 

ASSUMPTIONS 

The  following  assumptions  were  employed: 

a.  Regulation  of  Lake  Superior  was  conducted  on  a  monthly  basis 
in  accordance  with  the  1955  Modified  Rule  of  1949,  as  described  in 
U.S.  Army  Corps  of  Engineers  Miscellaneous  Paper  67-1  "Control  of 
Great  Lakes  Water  Levels; " 

b.  1962  outlet  conditions  for  Lakes  Michigan-Huron  and  St. 

Clair; 

c.  1953  outlet  conditions  for  Lake  Erie  (Niagara  River); 

d.  Plan  1958-D  (without  any  deviations  from  the  plan)  was 
applied  on  a  quarter-month  basis  to  regulate  Lake  Ontario  (described 
in  detail  in  the  Plan  1958-D  Report  and  the  Operational  Guides  for 
Plan  1958-D  Report  to  the  International  Joint  Commission,  by  the 
International  St.  Lawrence  River  Board  of  Control,  12  December  1963); 


e.  For  the  Great  Lakes  routing  model,  only  the  ice  retardation 
values  of  the  St.  Clair  and  Detroit  Rivers  for  the  navigation  season 
in  question  were  changed  as  a  rerult  of  extended  season; 


£.  In  determining  the  possible  impact  of  changing  ice 
retardation  on  the  levels  of  Lakes  Michigan-Huron  and  Erie,  it  was 
assumed  that  the  same  percentage  change  in  retardation  would  occur 
simultaneously  in  both  the  St.  Clair  and  Detroit  Rivers.  In  this 
study,  the  effect  of  retardation  was  varied  from  total  elimination 
(0%  retardation)  to  doubling  its  effect  (200%  or  twice  what  was 
experienced).  Over  the  1960-1978  period,  the  actual  effect  of  ice 
retardation  on  the  flow  of  the  St.  Clair  River  varied  from  no  effect 
to  a  63,000  cfs  reduction  in  the  rate  of  flow,  fa  the  Detroit  River, 
ice  retardation  effects  on  the  flow  varied  from  no  effect  to  a  44,000 
cfs  reduction; 

g.  The  Long  Lake-Ogoki  Diversions  were  assumed  at  a  constant 
5,000  cubic  feet  per  second  (cfs); 

h.  The  Lake  Michigan  Diversion  at  Chicago,  Illinois,  was  assumed 
at  a  constant  3,200  cfs; 

i.  The  Welland  Canal  was  assumed  at  a  constant  flow  of  7,000 

cf  s ; 

j.  Ice  retardation  in  the  St.  Marys  River  was  assumed  to  be 
zero.  This  is  based  upon  observation  of  no  measurable  retardation  in 
that  river  during  the  extended  season  demonstration  program.  This  is 
because  the  total  river  discharge  is  controlled  at  the  head  of  the 
river  and  all  releases  are  made  through  a  number  of  structures;  and, 

k.  In  conducting  the  St.  Lawrence  River  sensitivity  analysis,  a 
uniform  ice  cover  12  inches  thick  was  assumed  for  the  river  in  the 
initial  phase  of  this  study,  except  for  the  American  Narrows  and  the 
reaches  immediately  downstream  of  the  Ogdensburg-Prescott  and  Galop 
ice  booms  and  Iroquois  Dam,  which  were  assumed  to  be  ice  free. 
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APPROACH  TO  DETERMINING  IMPACTS 


The  recorded  levels  of  the  Great  Lakes-St.  Lawrence  River  System 
reflect  a  balance  of  water  supply  to  the  lakes  and  that  which  flows 
through  their  outlet  channels.  Vessels  moving  through  lake  ice 
fields  will  not  affect  the  total  water  supply  nor  the  flow  in  the 
outlet  channels.  Hence,  there  would  be  no  effect  on  the  levels  and 
flows  of  the  Great  Lakes  if  the  extended  season  were  confined  to 
travel  within  a  lake.  However,  vessel  movement  has  not  been  confined 
to  lake  traffic  but  includes  the  outlet  channels.  To  analyze  the 
possible  effect  of  movement  of  vessels  through  the  ice  fields  in  the 
Connecting  Channels  and  the  St.  Lawrence  River,  it  was  hypothesized 
that  the  carrying  capacities  of  these  channels  (under  ice  conditions) 
would  either  be  improved  or  be  further  hindered  due  to  changes  in  ice 
conditions.  To  define  the  range  of  impact  of  this  possible  variance 
on  lake  levels  and  flows,  the  historic  ice  retardation  values  on  the 
St.  Clair  and  Detroit  Rivers  were  varied  from  total  elimination  of 
all  ice  effects  to  that  of  doubling  the  effect.  Although  this  range 
in  effects  was  selected  for  study,  it  is  not  to  be  implied  that  they 
might  necessarily  reach  these  proportions.  Doubling  the  effects  of 
ice  was  selected  as  a  maximum  for  this  study  since  utilizing  values 
greater  than  twice  the  historic  retardation  resulted  in  unreasonable 
hydraulic  conditions  in  the  system  (higher  water  levels  on  Lake  St. 
Clair  than  on  Lakes  Michigan-Huron).  The  results  of  these  variations 
in  ice  retardation  were  converted  to  impacts  on  levels  and  flows  by 
routing  these  changes  in  water  supply  through  the  system.  The  period 
selected  for  primary  analysis  was  1960-1978,  since  this  period  most 
closely  represents  what  would  result  in  the  future  under  a  given  set 
of  meteorological  conditions.  The  1900-1978  period  was  also 
analyzed. 
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The  evaluation  of  the  impacts  of  the  extended  season  on  the  St. 
Lawrence  River  utilized  a  mathematical  model.  In  the  calibration  of 
the  St.  Lawrence  River  mathematical  model,  the  thickness  and 
roughness  of  the  ice  cover  had  to  be  considered.  Employing  the 
available  data,  it  was  assumed  that  the  average  thickness  of  ice  was 
12  inches  and  expected  roughness  factors  could  vary  from  0.010  (a 
very  smooth  cover)  to  0.030  (a  very  rough  cover)  with  the  average 
value  being  0.014.  The  extremes  of  ice  roughness  used  in  this  study 
were  from  0.005  to  0.030.  It  should  be  noted  that  the  ice  covers  on 
which  the  model  was  calibrated  were  established  when  vessel  traffic 
was  minimal  or  non-existent  during  the  ice  formation  and 
consolidation  phases.  To  determine  impacts,  utilizing  this  model, 
two  evaluations  made  for  the  1960-1978  period  were: 

a.  Determination  of  the  impact  (sensitivity)  of  changing  the  ice 
roughness  on  the  profile  of  the  St.  Lawrence  River;  and, 

b.  Determination  of  the  impact  (sensitivity)  of  changing  ice 
thickness  on  the  profile  of  the  St.  Lawrence  River. 

In  all  cases,  where  possible  impacts  on  levels  and  flows  were 
identified  in  the  above  analyses,  additional  remedial  measures  were 
proposed.  Potential  measures  to  offset  these  impacts  consist  of 
dredging  in  specific  areas  of  the  outlet  channels,  ice  control 
structures,  compensating  works,  and/or  u.odification  to  the  regulation 
plans  for  Lakes  Superior  and  Ontario.  Cost  for  these  measures  were 
included.  A  range  of  possible  impacts  on  levels  and  flows  is 
included  for  both  the  1960-1978  and  1900-1978  periods.  However, 
remedial  measures  are  provided  for  the  19bO-1978  period  only. 
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ASSESSMENT  OF  IMPACT  WITH  ASSOCIATED  REMEDIAL  MEASURES 


The  assessment  presented  herein  of  the  possible  impacts  on  the 
Great  Lakes-St.  Lawrence  River  System  has  been  made  on  a  geographical 
basis.  As  a  result  of  the  possible  impacts  which  have  been 
identified,  remedial  measures  were  designed  and  preliminary  costs 
determined. 

Lakes  Superior,  Michigan-Huron,  and  Erie 

Any  extension  of  the  navigation  season  traffic  traveling  only  in 
the  Lake  Superior-St.  Marys  River-Lakes  Michigan-Huron  System  would 
have  no  significant  impact  on  the  levels  and  flows  of  the  Great 
Lakes-St.  Lawrence  River  System.  This  is  based  upon  the  actual 
observed  conditions  which  existed  during  the  previous  seven  years  of 
the  Navigation  Season  Extension  Demonstration  Program  for  this 
system.  No  change  in  the  measured  levels,  flows,  occurrence  of  Low 
Water  Datum  or  ice  retardations  were  attributed  to  the  Demonstration 
Program,  and,  therefore,  similar  future  winter  navigation  would 
produce  no  impacts  on  levels  and  flows.  As  noted  above,  an  ice  boom 
has  been  installed  in  the  St.  Marys  River  to  aid  in  maintaining  an 
ice-free  area  at  the  head  of  Little  Rapids  Cut.  Analysis  of  data 
obtained  from  monitoring  river  levels  over  the  last  three  years  at 
selected  locations  has  indicated  no  impact  on  the  outflows  from  Lake 
Superior  resulting  from  the  placing  of  this  boom.  Hence,  there  are 
no  impacts  on  the  Great  Lakes  levels  or  outflow  regime  and  no  change 
in  the  Lake  Superior  operational  regulation  plan  would  be  necessary. 

The  proposed  flushing  of  two  of  the  U.S.  locks  at  Sault  Ste. 

Marie  would  not  impact  on  water  levels,  and  would  reduce  the  water 
available  for  power  during  the  winter  navigation  season  by  a 
negligible  amount  of  10  cfs  (less  than  .02%). 
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Under  this  geographic  scheme,  some  navigation,  unless  regulated, 
might  transit  the  St.  Clair  River-Lake  St.  Clalr-Detroit  River 
system.  Since  this  system  is  uncontrolled  and  the  natural  discharge 
relationships  prevail,  changes  in  the  St.  Clair  and  Detroit  Rivers* 
ice  retardation  could  possibly  occur.  This  may  produce  impacts  on 
the  water  levels  and  outflows  of  Lakes  Michigan-Huron  and  Erie. 
Possible  changes  in  the  outflow  of  Lake  Erie  could  eventually  result 
in  some  impacts  on  the  Lake  Ontario  water  levels  and  outflows. 

The  hypothetical  water  level  differences  from  Base  Case  for 
study,  which  assumed  either  the  total  elimination  of  ice  retardation 
(0%)  or  double  the  historic  ice  retardation  (200%)  on  the  St.  Clair 
and  Detroit  Rivers  for  12-month  navigation  for  both  the  1960-1978  and 
1900-1978  periods,  are  shown  in  Table  1.  Based  on  the  difference 
between  the  current  regime  (1960-1978)  and  the  1900-1959  regime  (as 
noted  previously),  it  was  decided  that  the  long-term  data  should  not 
be  utilized  for  remedial  measures  analyses.  The  theoretical 
1960-1978  impact  in  any  month  of  the  study  which  assumed  total 
elimination  of  ice  retardation  on  the  St.  Clair  and  Detroit  Rivers 
could  lower  the  Lake  Michigan-Huron  level  by  0.29  foot  and  could 
increase  the  Lake  Erie  level  by  0.44  foot.  The  theoretical  1960-1978 
impact  in  any  month  of  doubling  the  historic  ice  retardation  could 
raise  the  Lake  Michigan-Huron  level  by  0.30  foot  and  could  lower  the 
Lake  Erie  level  by  0.47  foot.  The  water  level  differences  for  the 
hypothetical  ice  retardations  between  these  two  extremes  are  plotted 
on  Figure  13  for  12-month  navigation. 

The  possible  impacts  of  eliminating  or  doubling  ice  retardation 
on  the  St.  Clair  and  Detroit  Rivers  on  the  1960  to  1978  maximum, 
minimum,  and  average  water  levels  of  the  Great  Lakes  system  are  shown 
in  Table  2.  This  table  shows  that  the  possible  impact  of  eliminating 
ice  retardation  on  these  rivers  under  a  12-month  season  extension 
could  lower  the  Lake  Michigan-Huron  maximum,  minimum,  and  average 
water  levels  by  0.16,  0.22  and  0.18  foot,  respectively.  The  Lake 
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TABLE  1 


MAXIMUM  WATER  LEVEL  DIFFERENCES  FR(M  BASE  CASE 
AS  A  RESULT  OF  POSSIBLE  CHANGES  IN  ICE 
RETARDATION  ON  THE  ST.  CLAIR  AND  DETROIT  RIVERS 

(FEET) 


LAKE  MICHI GAN-HURON 

LAKE 

ERIE 

10 

12 

10 

12 

Month 

Month 

Month 

Month 

1960-1978 

Max. 

- 

.01 

-  .01 

+ 

.34 

+  .44 

0%  Ice 

Min. 

.18 

-  .29 

.00 

.00 

Retardation* 

Avg. 

- 

.09 

-  .18 

+ 

.01 

+  .02 

1900-1978 

Max. 

— 

.04 

-  .04 

+ 

.56 

+  .90 

0%  Ice 

Min. 

- 

.28 

-  .54 

.00 

.00 

Retardation* 

Ave. 

- 

.13 

-  .31 

.00 

.00 

1960-1978 

Max. 

+ 

.18 

+  .30 

.00 

.00 

200%  Ice 

Min. 

+ 

.01 

->•  .02 

- 

.36 

-  .47 

Retardation* 

Ave. 

+ 

.09 

+  .18 

- 

.01 

-  .02 

1900-1978 

Max. 

+ 

.31 

+  .57 

.00 

.00 

200%  Ice 

Min. 

+ 

.04 

+  .04 

- 

.60 

-  .99 

Retardation* 

Ave. 

+ 

.14 

+  .33 

.00 

-  .01 

*Where  100%  is  the  normal  ice  retardation 

NOTE:  These  values  represent  the  maximum,  minimum,  and  average 
differences  between  any  one  month  under  Base  Case  and  the  exact  same 
month  under  the  adjusted  ice  retardation  cases. 


LAKES  M-H  AND  ERIE 


12  MONTH  NAV  1960-78 


X  M-H  MAXIMUM  DIFFERENCES 
AERIE  MAXIMUM  DIFFERENCES 
BASE  CASE 


MMSpipHI 


M-H  MAXIMUM  DIFFERENCES 


0  80.00  100-00  120.00 
PERCENT  ICE  RETARDATION 

l  ACTUAL )  T_ 


140.00  160.00  180.00 
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A  ERIE  MAXIMUM  DIFFERENCES 
BASE  CASE 


HBBB 


"""M-H 

MAXIMUM 

1  DIFFERENCES 

120.00 


PERCENT  ICE  RETARDATION 

IRCTUM.)  T_, 


140.00  160.00  160.00 
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C*  X  KT 


TABLE  2 


THEORETICAL  IMPACTS  OF  POSSIBLE  CHANGES  IN  ST.  CLAIR 
AND  DETROIT  RIVER  ICE  RETARDATION  ON  MAXIMUM,  MIMINUM  AND 

AVERAGE  WATER  LEVELS 
(FEET) 

(1960-1978) 


LAKE  MICHIGAN-HURON 


BASE* 

1  0%  ICE  RETARDATION  1 

200%  ICE 

RETARDATION 

CASE 

.  10  Month 

12  Month 

10  Month 

12  Month 

Max. 

..  581.54 

581.47 

581.38 

581.62 

581.71 

Min. 

575.36 

575.24 

575.14 

575.47 

575.58 

Avg. 

578.60 

578.51 

578.42 

578.69 

578.78 

LAKE  ERIE 

BASE 

1  0%  ICE  RETARDATION 

200%  ICE 

RETARDATION 

CASE 

10  Month 

12  Month 

10  Month 

12  Month 

Max. 

573.89 

573.89 

573.89 

573.89 

573.89 

Min. 

568.17 

568.17 

568.17 

568.17 

568.17 

Avg. 

571.19 

571.20 

571.21 

571.18 

571.17 

LAKE  ONTARIO 

BASE 

|  0%  ICE  RETARDATION  1 

200%  ICE 

RETARDATION 

CASE 

10  Month 

12  Month 

10  Month 

12  Month 

Max. 

249.07 

249.07 

249.07 

249.07 

249.07 

Min. 

241.67 

241.77 

241.74 

241.63 

241.51 

Avg. 

245.38 

245.38 

245.38 

245.38 

245.38 

*Base  Case  utilized  actual  (100%)  ice  retardations 


NOTE:  This  table  displays  the  maximum,  minimum,  and  average  values 
for  each  condition  indicated. 
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Erie  maximum  and  minimum  water  levels  would  not  be  altered ,  but  the 
average  level  could  be  raised  by  0.02  foot./  bake  Ontario  could  be 
impacted  due  to  possible  changes  in  Lake  out  flows  and  hence 

could  have  its  minimum  water  level  raised  by  0.07  foot.  The  Lake 
Ontario  maximum  and  average  levels  would  change.  In  the  base 

■v  *■ 

where  double  ice  retardation  is  assumed,  the  maximum,  minimum,  and 
average  water  levels  of  Lakes  Michigan-Huron  could  be  increased  by 
0.17,  0.22  and  0.18  foot,  respectively.  The  Lake  Erie  maximum  and 
minimum  water  levels  would  not  be  changed,  but  the  average  water 
level  could  be  lowered  by  0.02  foot.  On  Lake  Ontario,  the  maximum 
and  average  levels  would  not  change,  but  the  minimum  water  level 
could  decrease  by  0.16  foot. 

The  maximum,  minimum,  and  average  outflows  for  Lakes 
Michigan-Huron  and  Erie  that  could  result  from  routing  the 
theoretical  extreme  ice  retardation  conditions  (01  and  2001)  on  the 
St.  Clair  and  Detroit  Rivers  through  the  systems  are  compared  to  the 
Base  Case  flows  on  Tables  3  and  4,  respectively. 

Extending  the  navigation  season  through  12-months  could  produce 
changes  in  the  number  of  water  level  occurrences  below  LWD.  These 
possible  changes  based  upon  the  extreme  ice  retardation  (01  and  2001) 
values  for  the  St.  Clair  and  Detroit  Rivers  are  shown  in  Table  5. 


Shown  also  on  Tables  1  through  5  and  on  Figure  14  are  values  for 
navigation  over  a  10-month  period.  As  shown,  these  possible  impacts 
are  about  one-half  of  those  identified  for  the  12-month  period. 
However,  it  should  be  noted  that  the  main  report  and  Appendix  B 
proposed  that,  if  navigation  is  to  be  conducted  on  the  St.  Clair  and 
Detroit  Rivers  as  part  of  total  navigation  season  extension,  ice 
control  at  the  head  of  the  St.  Clair  and  Detroit  Rivers  would  be 
installed.  If  this  is  the  case,  then  the  possible  impacts  shown  for 
ice  retardation  elimination  over  ten  months  is  only  a  part  of  the 
12-month  effect  and  would  be  mitigated.  In  the  case  where  N 
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FIGURE  14 
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navigation  would  not  be  extended  beyond  10  months  (without  an  ice 
control  structure),  then  the  possible  effect  would  be  as  shown  in 
Table  2.  However,  navigation,  in  fact,  has  operated  in  that  part  of 
the  system  into  and  through  January  over  the  last  few  years.  To 
date,  the  impact  has  been  less  than  the  maximums  shown  on  Table  2,  as 
reflected  in  Figure  11.  Hence,  it  can  be  concluded  that  extension  of 
the  season  through  10  months  above  the  Welland  Canal  would  have 
little  or  no  impact  on  the  Great  Lakes  levels  and  flows  regime. 

To  offset  the  possible  effects  of  total  elimination  of  ice 
retardation,  partial  control  works  would  be  required  in  the  St.  Clair 
and  Detroit  Rivers.  To  offset  the  possible  effects  of  twice  the 
historic  ice  retardation,  dredging  and  control  works  would  be 
required  in  both  of  these  rivers. 

,  In  the  case  where  the  extreme  condition  of  total  elimination  of 
ice  retardation  on  the  St.  Clair  and  Detroit  Rivers  is  assumed,  a 
structure  would  have  to  be  placed  in  each  of  these  rivers  to  restore 
the  flows  to  what  they  would  have  been  had  ice  retardation  not  been 
reduced  or  totally  eliminated.  As  noted  previously,  ice  problems  in 
the  St.  Clair  River  result  from  lake  ice  jamming  in  the  lower  reaches 
of  the  river,  the  degree  of  which  is  unpredictable  from  year  to  year. 
The  conceptional  remedial  measures  presented  herein  have  been 
developed  to  offset  the  extreme  effect  shown  on  Table  1,  but  would  be 
operated  to  offset  average  conditions  and  provide  as  near  normal 
fluctuations  as  possible.  The  structures  would  allow  for  flow 
retardation  during  periods  when  ice  retardation  would  normally  have 
occurred,  but  during  ice-free  months  would  be  operated  to  permit  the 
normal  stage-discharge  relationships  to  exist.  Such  operation  would 
offset  any  effect  on  levels  and  flows  resulting  from  changes  in  ice 
retardation  on  the  St.  Clair  and  Detroit  Rivers  noted  in  this  report. 

For  the  purpose  of  this  report,  the  location  and  design  of  the 
structures  have  been  selected  based  on  the  information  presented  in 
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Appendix  G  of  the  1973  International  Great  Lakes  Levels  Board  Report 
to  the  International  Joint  Commission  on  the  "Regulation  of  Great 
Lakes  Water  Levels."  The  optimum  locations  for  these  structures  were 
determined  from  St.  Clair  and  Detroit  River  Mathematical  Models 
developed  for  the  1973  study.  The  engineering  studies  necessary  to 
prepare  the  design  for  these  structures  were  provided  by  a  contractor 
and  were  based  upon  geotechnical  field  data  and  river  hydraulics  as 
provided  by  the  Mathematical  Models.  From  the  information  presented 
in  Table  2,  it  has  been  determined  that  the  structures  may  require 
the  ability  to  retard  flows  by  an  average  amount  during  the  winter 
period  of  up  to  12,000  cfs  on  the  St.  Clair  River  and  9,000  cfs  on 
the  Detroit  River. 

The  sites  currently  selected  for  the  structures  necessary  for 
maintenance  of  the  levels  and  flows  on  the  Great  Lakes,  as  a  result 
of  assumed  total  elimination  of  ice  retardation  in  the  St.  Clair  and 
Detroit  Rivers,  are  at  Stag  Island  in  the  St.  Clair  River  and  Peach 
Island  in  the  Detroit  River.  The  preliminary  project  costs  for  these 
structures  are  presented  in  Appendix  B. 

In  the  case  where  twice  the  historic  ice  retardation  on  the  St. 
Clair  and  Detroit  Rivers  is  assumed,  a  more  complex  problem  occurs. 
Dredging  may  be  required  to  offset  the  possible  effect  of  the 
increased  ice  retardation  and  structures  may  be  required  to  offset 
the  effects  of  this  dredging  during  the  ice-free  months. 

However,  as  noted  previously,  if  extended  navigation  is 
contemplated  on  the  St.  Clair  and  Detroit  Rivers,  an  ice  control 
structure  would  be  placed  at  the  head  of  the  St.  Clair  and  Detroit 
Rivers.  This  precludes  the  assumption  of  increased  ice  retardation 
and,  therefore,  conceptional  mitigation  for  this  occurrence  has  not 
been  developed.  Therefore,  dredging  of  the  St.  Clair  or  Detroit 
Rivers  is  not  proposed  for  the  Extended  Season  Navigation  Program. 
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With  respect  to  the  water  Intakes  on  the  St.  Clair  and  Detroit 
Rivers,  a  detailed  analysis  of  the  impacts  due  to  extended  navigation 
has  not  been  made.  However,  from  an  analysis  of  the  upstream  and 
downstream  stages,  there  would  be  no  significant  impact  on  the 
profile  of  either  river  and,  therefore,  no  majdr  impact  on  these 
facilities.  There  could  be  some  minor  impact  on  pumping  costs. 


Entire  Great  Lakes-St.  Lawrence  River  System 


Impacts  and  remedial  measures  for  this  geographic  area  would  be 
the  same  for  Lakes  Superior,  Michigan-Huron  and  Erie  as  stated  above 
with  the  exception  that  when  the  entire  system  is  considered,  the 
Welland  Canal  is  included,  and  it  could  experience  an  increased  flow 
during  extended  navigation  periods.  Based  upon  the  previous  15  years 
of  flow  through  the  Welland  Canal,  this  could  result  in  an  ultimate 
reduction  in  the  water  level  of  Lake  Erie  by  amounts  less  than  0.10 
foot.  To  offset  this  possible  impact  would  require  a  reduction  in 
water  usage  throughout  the  balance  of  the  navigation  season.  This 
reduction  would  approximate  100  cfs.  Since  existing  works  in  the 
Welland  Canal  have  the  capability  to  make  this  adjustment,  no 
additional  remedial  works  would  be  necessary. 


The  proposed  flushing  (up  to  2,000  cfs)  of  two  of  the  St. 

Lawrence  River  locks  (Eisenhower  and  Snell)  would  not  impact  on  water 
levels.  However,  it  should  be  noted  that  any  water  utilized  for 
flushing  would  reduce  the  water  available  for  power  production  by  an 
equal  amount  (less  than  one  percent). 

The  maintenance  of  Low  Water  Datum  (LWD)  on  the  St.  Lawrence 
River  would  be  necessary  to  allow  for  full  draft  for  navigation  of 
the  entire  river.  The  current  regulation  scheme  does  not  contemplate 
navigation  on  the  St.  Lawrence  River  past  15  December.  As  a  result, 

Low  Water  Datum  (LWD)  is  not  necessarily  maintained  past  this  date. 

Since  winter  1959-60,  the  St.  Lawrence  River  has  experienced  water 

I 
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levels  below  LWD  for  all  but  three  years.  On  the  average*  the 
V  river  dropped  below  LWD  in  the  second  week  of  January  of  each  year 

and  remained  below  LWD  until  the  second  week  of  March.  This 
navigation  problem  could  be  resolved  by: 

a.  Reduction  in  the  regulated  outflows  coupled  with  the 
necessary  regulation  changes  in  the  downstream  (Canadian 
only)  portion  of  the  river  and/or; 

b.  Dredging  and/or; 

c.  Installation  of  additional  ice  control 
structures. 

The  existence  of  St.  Lawrence  River  water  levels  below  LWD  (as 
much  as  4  feet  below)  are  for  the  most  part  a  consequence  of  the 
major  navigation  constraint  to  extended  season  navigation  on  the  St. 
Lawrence  River,  that  of  hanging  ice  dams.  The  series  of  ice  control 
structures  and  dredging  in  areas  of  critically  high  velocities  are 
proposed  for  the  St.  Lawrence  River  and  are  intended  to  remove  the 
ice  dam  constriction  to  allow  for  winter  navigation  to  proceed  on  the 
St.  Lawrence  River.  Removal  of  this  constriction  would  significantly 
increase  the  winter  conveyance  of  the  International  Rapids  Section  of 
that  river  which  would  allow  higher  Lake  St.  Lawrence  water  levels. 

On  the  average  these  structures  and  dredging  would  preclude  the 
occurrence  of  water  levels  below  LWD  and  would  all  but  eliminate  the 
need  for  implementing  proposal  a.  above. 

The  water  level  of  Lake  Ontario  could  be  impacted  by  the 
sensitivity  of  ice  retardation  to  ship  passages  through  the  ice  in 
the  St.  Lawrence  River.  The  sensitivity  analysis  simulated  what 
possible  impacts  on  the  water  level  profile  of  the  St.  Lawrence 
River,  assuming  no  physical  change  in  the  current  capacity,  may  occur 
as  a  result  of  ship  movement  through  the  ice  cover.  The  possible 
impacts  on  the  river  profile  would  result  from  changes  in  ice 
roughness  and/or  ice  thickness. 

i 

*The  mean  median  and  mode  for  the  past  19  years  is  7  January. 
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The  sensitivity  of  the  St.  Lawrence  River  water  level  profile  to 
variances  in  ice  roughness  has  been  evaluated  by  two  methods : 

j  Method  1  simulated  the  impact  on  the  St.  Lawrence  River  water 

!  level  profile  of  change  in  fall  with  respect  to  change  in  ice 

roughness.  These  effects  were  computed  for  a  representative  range  of 
winter  flows  of  270,  240,  and  210  thousand  cubic  feet  per  second 
(TCFS).  The  results  of  this  study  are  shown  in  Figures  15-17. 

Method  2  held  the  Lake  Ontario  water  level  constant  and  varied 
the  ice  cover  roughness  at  a  constant  river  flow  of  245  TCFS.  The 
simulated  Impact  of  changing  the  river  ice  roughness  from  0.005  to 
0.030  reduced  the  water  level  at  Lake  St.  Lawrence  as  shown  on  Figure 
18.  It  should  be  noted  that  during  the  calibration  of  the  St. 
Lawrence  River  flow  model  the  average  river  ice  roughness  was 
determined  to  be  0.014. 

To  minimize  adverse  changes  in  ice  roughness,  it  is  suggested 
that  winter  navigation  should,  on  the  average,  not  proceed  on  the  St. 
Lawrence  River  during  the  ice  formation  period.  Based  upon  the  data 
for  the  winters  since  1960,  the  average  duration  of  this  ice 
formation  period  on  the  International  Section  of  the  St.  Lawrence  was 
23  days.  For  the  11  years  (out  of  18)  when  evidence  of  a  specific 
ice  formation  period  existed,  the  average  date  for  the  beginning  of 
this  period  was  7  January.  The  longest  duration  of  ice  formation  was 
73  days  and  the  earliest  starting  date  for  ice  formation  was  24 
December  (both  occurred  in  winter  1976-77). 

The  sensitivity  of  the  St.  Lawrence  River  water  level  profile  to 
variances  in  ice  thickness  has  been  evaluated  by  two  methods: 

Method  1  simulated  the  impact  on  the  St.  Lawrence  River  water 
level  profile  of  a  change  in  the  ice  thickness  over  the  entire  river. 
Using  a  Lake  Ontario  elevation  of  241.78  with  a  St.  Lawrence  River 
flow  of  183,000  cfs  (low),  244.20  with  a  236,000  cfs  flow  (average) 
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and  245.05  with  a  289,000  cfs  flow  (high),  profiles  were  computed  for 
open  water  conditions,  for  a  uniform  12  inch  ice  cover  and  for  a 

uniform  24  inch  ice  cover.  Plots  of  the  profiles  obtained  for  low, 

average,  and  high  flow  conditions  are  shown  in  Figures  19,  20,  and 
21,  respectively.  These  figures  show  that,  while  holding  Lake 
Ontario  and  the  river  flow  constant,  a  uniform  one  foot  ice  cover 
over  the  river  could  lower  the  water  level  at  Lake  St.  Lawrence  by  as 
much  as  3.29  feet  under  a  high  flow  condition  when  compared  to  open 
water  conditions.  Increasing  the  river  ice  thickness  from  one  to  two 
feet  could  reduce  the  water  level  of  Lake  St.  Lawrence  by  an 
additional  1.16  feet  under  a  high  flow  condition. 

Method  2  simulated  the  impact  on  the  profile  of  the  St.  Lawrence 

River  of  a  hanging  ice  dam  in  the  north  channel  around  Ogden  Island. 

The  dam  was  assumed  to  be  30  feet  in  depth  with  a  length  of  1,300 
feet  (similar  ice  conditions  have  been  known  to  exist),  while  the 
remainder  of  the  river  was  assumed  at  a  uniform  12  inch  cover.  This 
hanging  dam  effect  on  the  profile  of  the  St.  Lawrence  River  for  the 
average  and  low  flows  is  also  shown  in  Figures  19  and  20.  With  a 
hanging  dam  of  these  proportions,  the  high  flow  (289,000  cfs)  could 
not  be  realized  due  to  the  large  reduction  in  channel  capacity  at  the 
dam.  Figure  19  shows  that  the  hanging  dam  under  average  flow 
condition  could  produce  a  2.45  foot  decrease  in  the  water  level  of 
Lake  St.  Lawrence  from  the  level  computed  for  a  uniform  12  inch  ice 
cov'.r.  To  greatly  reduce  or  totally  eliminate  the  possibility  of  the 
occurrence  of  a  hanging  dam  in  order  to  allow  ship  passage,  it  is 
necessary  to  create  a  condition  conducive  to  the  formation  of  a 
stable  ice  cover  upstream  of  the  hanging  dam  area  (Cardinal  to  Ogden 
Island  reach).  This  could  be  accomplished  by  the.  following: 


a.  Utilization  of  a  series  of  ice  control  structures.  This 
scheme  was  developed  by  the  St.  Lawrence  Seaway  Development 
Corporation  (SLSDC)  in  the  1975  ”St.  Lawrence  Seaway  System  Plan  for 
All-year  Navigation"  (SPAN)  Report.  Those  structures,  if  effective 
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I.  Introduction 


In  1970  the  Congress  authorized  the  Corps  of  Engineers  in  cooperation 
with  other  interested  federal  agencies  to  undertake  a  program  to  demonstrate 
the  practicability  of  extending  the  navigation  season  on  the  Great  Lakes 
and  St.  Lawrence  River.  After  the  inception  of  the  demonstration  program, 
it  became  apparent  that  some  of  the  proposals  to  demonstrate  an  extended 
navigation  season  were  viewed  with  concern  by  those  entities  -/  which  had 
developed  the  hydroelectric  power  potential  of  the  International  Rapids 
Section  of  the  St.  Lawrence  River.  The  principal  concern  of  the  power 
entities  is  that  flows  in  the  St.  Lawrence  River  could  no  longer  be  ade¬ 
quately  regulated  if  the  stable  ice  cover,  which  is  formed  annually  with 
the  assistance  of  ice  booms,  were  disturbed  by  winter  navigation. 

One  of  these  entities,  the  Power  Authority  of  the  State  of  New  York, 
(PASNY)  stated  that  any  interference  with  the  ability  to  control  flows 
could  cause  flooding  upstream  on  the  river  and  on  Lake  Ontario  and  could 
also  curtail  power  output  at  the  St.  Lawrence  Projects  of  Ontario-Hydro 
and  PASNY  and  downstream  at  Hydro  Quebec’s  Beauharnois  Station.  PASNY 
advised  that  it  is  opposed  to  any  demonstration  program  activities  which 
interfere  with  its  ability  to  control  flows  by  disrupting  existing  ice 
control  procedures,  such  as  the  transit  by  vessels  of  the  ice  booms 
jointly  operated  by  PASNY  and  Ontario-Hydro,  until  certain  questions 
concerning  its  r  ghts,  liabilities,  and  responsibilities  are  satisfac¬ 
torily  resolved. 

As  a  result,  a  Legal  Committee  was  established  to  consider  the 
problems  presented  by  PASNY,  as  well  as  those  affecting  riparian  and  other 


1/  Power  Authority  of  the  State  of  New  York  and  Ontario-Hydro 
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interests,  and  to  advise  the  Winter  Navigation  Board  as  to  the  rights 
and  liabilities  of  the  United  States  with  respect  to  an  extended  navi¬ 
gation  season. 


II.  The  Winter  Navigation  Program 

The  River  and  Harbor  Act  of  1970  authorizes  a  Winter  Navigation 

Program  consisting  of  a  Survey  Study,  a  Demonstration  Program  and  an 

2/ 

Insurance  Study  Program.—  Section  107(b)  thereof  provides: 

"The  Secretary  of  tie  Army,  acting  through 
the  Chief  of  Engineers,  *  a  cooperation  with  the 
Departments  of  Transportation,  Interior,  and 
Commerce,  including  specifically  the  Coast  Guard, 
the  Saint  Lawrence  Seaway  Development  Corpora¬ 
tion,  and  the  Maritime  Administration;  the 
Environmental  Protection  Agency;  other  interested 
Federal  agencies,  and  non-Federal  public  and  pri¬ 
vate  interests,  is  authorized  and  directed  to 
undertake  a  program  to  demonstrate  the  practica¬ 
bility  of  extending  the  navigation  season  on  the 
Great  Lakes  and  Saint  Lawrence  Seaway.  Such 
program  shall  include,  but  not  be  limited  to, 
ship  voyages  extending  beyond  the  normal  navi¬ 
gation  season;  observation  and  surveillance  of 
ice  conditions  and  ice  forces;  environmental 
and  ecological  investigations;  collection  of 
technical  data  related  to  improved  vessel  design; 
ice  control  facilities,  and  aids  to  navigation; 
physical  model  studies;  and  coordination  of  the 
collection  and  dissemination  of  information  to 
shippers  on  weather  and  ice  conditions."  3/ 

The  ultimate  goal  is  to  demonstrate  the  feasibility  and  practicability 
of  extending  the  navigation  season  on  the  Great  Lakes  System  and  the  Saint 
Lawrence  Seaway  through  tests  of  new  and  innovative  methods  of  facilitating 
ship  movements  while  minimizing  any  concurrent  adverse  effects. 

The  organizational  structure  of  the  Demonstration  Program  was  estab¬ 
lished  under  the  terms  of  a  Memorandum  of  Understanding  signed  by  the 


2/  Pub.L.  No.  91-611,  84  Stat.  1818,  as  amended  by  Pub.  L.  No.  93-251, 
§n0,  88  Stat.  12  and  Pub.  L.  No.  94-587,  §107,  90  Stat.  2923. 


3/  Id.  §107 (b) . 
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participating  agencies.  The  memorandum  provides  for  the  establishment 
of  a  Winter  Navigation  Board  (WNB)  composed  of  senior  field  representa¬ 
tives  of  participating  federal  agencies  and  other  invited  organizations. 

The  WNB  provides  overall  planning,  programming,  budgeting,  and  approval 
for  execution  and  reporting  of  investigations  and  demonstration  activities. 

A  Working  Committee,  similarly  constituted,  provides  continuous 
coordination  of  program  activities  as  approved  by  the  WNB.  Seven  inde¬ 
pendent  work  groups  conduct  all  the  activities  undertaken  for  the  program. 

The  work  groups  report  to  and  receive  guidance  from  the  Working 
Committee  which  carries  out  program  activities  approved  by  the  WNB. 

The  Working  Committee  consists  of  the  regional,  advisory,  and  observer 
groups. 

The  Working  Committee  functions  at  a  level  between  the  WNB  and  the 
work  groups.  It  makes  specific  recommendations  to  the  WNB  as  a  result 
of  work  group  activities  and  in  turn  implements  WNB  directives  through 
the  work  groups,  develops  priorities  from  among  group  activities,  pro¬ 
poses  distribution  of  allocated  funds,  and  provides  the  vehicle  for  the 
input  of  ideas  and  opinions  from  regional  and  advisory  groups.  The  work 
groups  are  responsible  for  carrying  out  activities  under  each  of  these 
seven  functional  elements:  Ice  Information;  Ice  Navigation;  Ice  Engi¬ 
neering;  Ice  Control;  Ice  Management  in  Channels,  Locks,  and  Harbors; 
Economic  Evaluation;  and  Environmental  Evaluation. 

Several  legal  questions  were  raised  by  proposals  to  demonstrate 
the  practicability  of  extending  the  navigation  season  in  the  Great  Lakes 
System  and  on  the  St.  Lawrence  River.  Consequently,  on  October  22,  19/4, 
the  WNB  created  a  Legal  Committee  to  assist  it  in  considering  potential 
legal  problems. 
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The  Legal  Committee  was  composed  of  the  following: 

Mr.  Arthur  Ernsf.ein,  Division  Counsel,  North  Central 
Division,  U.S.  Army  Corps  of  Engineers  (Chairman); 

Mr.  Frederick  A.  Bush,  General  Counsel,  Saint  Lawrence 
Seaway  Development  Corporation; 

Mr.  Bruce  C.  McLean,  Counsel,  Power  Authority  of  the 
State  of  New  York; 

Mr.  John  A.  McWilliam,  representing  the  ports  of  the 
Great  Lakes. 

In  addition  to  its  own  deliberations,  the  Legal  Committee  had  an  informal 
and  unofficial  exchange  of  views  with  legal  representatives  of  the  Inter¬ 
national  Joint  Commission,  the  United  States  Department  of  State,  the 
United  States  Coast  Guard,  and  certain  Canadian  interests.  The  informa¬ 
tion  developed  by  the  Legal  Committee  is  presented  in  this  appendix  to 
the  WNB's  report  to  Congress. 

Two  memoranda  are  attached  to  and  made  part  of  this  appendix  as 
exhibits.  A  memorandum  by  the  Power  Authority  of  the  State  of  New  York 
(hereafter  Power  Authority  or  PASNY)  entitled  Winter  Navigation  on  the 
Great  Lakes  and  St ,  Lawrence  River  addresses  legal  problems  raised  by  the 
Demonstration  Program  particularly  with  reference  to  ice  booms  in  the 
St.  i.'wrence  River.  A  memorandum  entitled  Legal  Considerations  Relative 
to  th:  Winter  Navigation  Program  in  the  St.  Lawrence  River  prepared  by  the 
Saint  iJti!.’rence  Seaway  Development  Corporation  (SLSDC)  also  addresses  the 
legal  considerations  of  the  Demonstration  Program  and  includes  a  discussion 
of  the  historical  rights  of  navigation  in  the  waters  of  the  United  States. 
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III.  Existing  Power  and  Navigation  Projects 

In  1909,  the  Treaty  Between  the  United  States  and  Great  Britain 

Relating  to  Boundary  Waters  and  Questions  Arising  Between  the  United 

4/ 

States  and  Canada  was  executed.  Through  this  Treaty  the  United  States 
and  Canada  sought  to  establish  a  means  for  preventing  disputes  involving 
the  boundary  waters.  To  achieve  this  end,  the  Treaty  established  the 
International  Joint  Commission  (IJC).  Among  other  responsibilities,  the 
IJC  was  granted  jurisdiction  to  approve  further  uses,  obstructions,  and 
diversions  of  the  boundary  waters.  The  decisions  of  the  IJC  on  such 
matters  are  based  on  criteria  set  forth  in  the  Treaty,  including  provi¬ 
sions  for  protection  and  indemnity  against  injury  of  any  interest  on 
either  side  of  the  boundary. 

After  1909,  the  United  States  and  Canada  undertook  studies  concerning 

the  development  of  the  St.  Lawrence  River  for  power  generation  and  the 

improvement  of  navigation.  In  1952,  upon  aoplication  by  the  United  States 

and  Canada,  the  IJC  issued  an  Order  of  Approval  for  the  construction  of 

the  St.  Lawrence  Power  Project  in  the  St.  Lawrence  River  and  regulation 

5/ 

of  the  level  and  flows  of  Lake  Ontario  and  the  River.  By  an  exchange  of 

notes  in  1953,  the  Governments  of  the  United  States  and  Canada  established 

the  St.  Lawrence  River  Joint  Board  of  Engineers  to  approve  and  implement 

plans  for  the  construction  of  the  power  project  in  accordance  with  the 

6/ 

IJC  Order.  On  July  15,  1953,  the  Federal  Power  Commission 


V 

5/ 

6/ 


36  Stat.  (Part  2)  2448,  12  Bevans  319. 

St.  Lawrence  Power,  IJC  Docket  llo.  68  (1952). 
5  U.S.T.  1784;  T.I.A.S.  3053. 


J-5 


(FPC)— ^issued  PASNY  a  license  to  undertake  the  project  in  accordance 
with  the  Federal  Power  Act.—''  The  power  project  was  then  constructed 
by  PASNY  and  Ontario  Hydro. 

Meanwhile,  the  development  of  the  St.  Lawrence  River  for  navigation 

was  also  undertaken.  By  means  of  independent  legislation  in  both  the 

United  States  and  Canada  and  exchanges  of  diplomatic  notes  between  the 

countries  (dated  June  30,  1952,  and  August  17,  1954)  the  United  States 

and  Canada  agreed  to  the  construction  of  the  St.  Lawrence  Seaway.  The 

United  States  created  and  authorized  the  SLSDC  in  1954  to  participate 

on  behalf  of  the  Government  of  the  United  States  in  the  construction  of 
9/ 

the  Seaway.-  Major  facilities  were  finished  in  1958,  and  the  Seaway 
was  opened  to  deep  draft  navigation  in  early  1959. 

During  construction  of  the  power  and  navigation  projects  the  power 
entities  excavated  nearly  63  million  cubic  yards  of  material  in  enlarging 
channels  to  provide  to  the  extent  practicable  an  adequate  cross  section 
in  the  river  so  that  a  stable  ice  cover  would  form  in  winter  and  to 
provide  the  desired  navigation  channels.  Ice  booms  were  not  installed 
for  the  power  project’s  first  winter  of  operation  in  1958-59. 

During  the  first  winter  of  operation  adverse  weather  conditions 
resulted  in  the  formation  of  an  ice  jam  upstream  of  the  powerhouse. 
Fortunately,  low  water  levels  prevented  any  flooding  problems  on  Lake 


JJ  Under  the  Department  of  Energy  Organization  Act  of  1977,  P.L.  95-91, 
91  Stat,  565g,  the  FPC  was  abolished  and  many  of  its  functions, 
including  those  under  section  10(a)  of  the  Federal  Power  Act  dis¬ 
cussed  herein,  were  transferred  to  the  newly  created  Federal  Energy 
Regulatory  Commission. 

8/  12  F.P.C.  172  (1953) 

9/  33  U.S.C.  §981  et_  seg_. 
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Ontario.  However,  this  ice  jam  did  cause  c  reduction  of  flow,  thereby 
decreasing  power  generation  at  the  St.  Lawrence  and  Beauharnois  plants. 

Discussions  with  Hydro  Quebec,  model  studies  at  Ontario  Hydro's 
hydraulic  laboratory,  and  prototype  velocity  surveys  led  the  power 
entities  to  conclude  that  floating  ice  booms  offered  a  means  by  which 
an  ice  cover  can  be  formed,  thereby  eliminating  massive  ice  movement. 

Ice  booms  are  large  floating  timbers  fastened  together  with  heavy  steel 
cables  and  anchored  to  the  river  bottom.  Five  ice  booms  were  installed 
prior  to  the  1959-60  winter  season  pursuant  to  the  authorization  of  the 
St.  Lawrence  River  Joint  Board  of  Engineers  issued  on  September  1,  1959. 
PASNY  also  applied  for  a  permit  under  section  10  of  the  Rivers  and  Harbors 
Act  of  1899  which  was  issued  by  the  U.S.  Army  Corps  of  Engineers  on 
December  22,  1959,  to  PASNY  for  the  ice  booms  located  in  United  States 
waters  of  the  St.  Lawrence  River.  A  sixth  boom  was  installed  for  the 
winter  of  1960-61  pursuant  to  the  authorization  of  the  St.  Lawrence  River 
Joint  Board  of  Engineers  issued  on  August  4,  1960,  and  was  relocated  for 
the  winter  of  1961-62.  Approval  of  the  FPC  was  not  requested. 

The  basic  arrangement  of  the  booms  has  remained  unchanged  since 
the  winter  of  1961-62.  Boom  names  and  general  locations  are  indicated 
in  the  following  table: 

Boom  Name  Location 

A  (Ogdensburg-Prescott)  U.S.  and  Canadian  waters 

B  (Chimney  Point)  U.S.  waters  only 

C  (Galop  on  Butternut  Island  Spur)  U.S.  waters  only 

D  (South  Galop)  U.S.  waters  only 

E  (North  Galop)  Canadian  waters  only 

F  (Main  Galop)  U.S.  and  Canadian  waters 

(relocated  as  G  Boom) 
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In  general,  the  booms  have  minimized  ice  movement  and  have  averted  ice 
blockages  such  as  those  experienced  during  the  winter  of  1958-59.  Since 
that  time  the  winter  outflows  for  the  period  December  15  through  March  31 
prescribed  by  the  IJC  plan  of  regulation  for  Lake  Ontario  have  been 
released  each  year  without  difficulty  and  have  been  substantially  greater 
than  those  released  during  the  same  period  in  1958-59. 

The  present  procedure  for  installing  the  booms  is  predicated  upon 
the  fact  that  only  two  of  the  six  booms  (A  and  G)  cross  the  navigation 
channels  and  that  navigation  from  upstream  into  the  Prescott-Cardinal 
reach  of  the  river  may  continue  up  to  two  weeks  beyond  the  official 
closing  of  the  St.  Lawrence  River  Section  of  the  Seaway.  In  late 
November,  installation  begins  with  the  placement  of  four  complete  booms 
(B-E),  shore  sections  of  the  Ogdensburg-Prescott  Boom,  and  sections  of 
the  Main  Galop  Boom.  Closure  of  the  navigation  gaps,  nominally 
2,000  feet,  in  the  Ogdensburg-Prescott  (A)  and  Main  Galop  Booms  (G) 
begins  when  the  water  temperatures  at  the  St.  Lawrence  Power  Dam  reach 
33°  f.  The  closure  of  these  two  gaps  has  been  completed  as  long  as 
16  days  after  the  date  announced  for  official  closure  of  the 
St.  Lawrence  River  section  of  the  Seaway  to  commercial  navigation  in 
order  to  accommodate  ships  which  had  not  cleared  by  the  official  date. 

Recognizing  that  no  formal  international  control  over  the  booms 
had  been  exercised  since  the  dissolution  of  the  Joint  Board  of 
Lngi  icers  in  1963,  the  IJC  determined  on  January  14,  1974,  that 
henceforth  the  six  ice  booms  should  be  considered  as  Included  in 
the  works  approved  by  the  IJC  Order  of  Approval  of  October  29,  1952 
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and  subject  to  IJC  jurisdiction  to  the  same  extent  as  though 
mentioned  specifically  in  that  Order.  In  addition,  the  IJC  stated 
that  the  prior  approvals  granted  by  the  Joint  Board  of  Engineers 
would  be  considered  IJC  approvals  and  any  amendment  thereto  would 
require  further  IJC  approval. 

Although  the  existing  ice  booms  aid  the  formation  of  a  stable 
ice  cover,  once  installed  and  closed  there  is  no  through  navigation 
in  the  International  Rapids  Section  of  the  St.  Lawrence  River. 

Navigation  resumes  after  the  cross-channel  ice  booms  are  removed. 

To  develop  a  means  for  overcoming  the  impediment  that  the  closing 
of  the  ice  booms  presents  to  navigation,  the  WNB  has  approved  and 
funded  tests  of  ice  navigation  booms  which  employ  a  gate  or  gap  in 
the  boom  to  allow  for  the  transiting  of  vessels.  Field  tests  on  certain 
aspects  of  the  ice  navigation  booms  were  conducted  at  Ogdensburg,  New 
York,  and  at  Copeland  Cut  in  the  St.  Lawrence  River  by  the  Ice  Control 
Work  Group  under  the  direction  of  the  SLSDC.  Although  these  tests 
were  successful,  they  were  too  limited  in  scope  to  demonstrate  total 
practicability.  Hydraulic  model  tests  are  scheduled  for  the  summer  of 
1978  with  field  tests,  if  justified,  for  the  winter  of  1978-1979. 

The  WNB  has  considered  installation  of  structures  in  other  locations. 
For  example,  during  the  winters  of  1975-76  and  1976-77,  an  ice  boom  was 
installed  and  demonstrated  in  the  St.  Marys  River  for  the  purpose  of 
controlling  ice  movement.  Each  winter  the  boom  was  inoperative  for 
approximately  48  hours  when  anchor  chains  were  dislodged  due  to  ships 
being  off  course.  Concern  has  been  expressed  by  Canadian  interests  over 


I 
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possible  transboundary  effects  of  such  a  boom  in  the  St.  Marys  River. 
However,  no  adverse  impacts  are  known  to  have  occurred  in  Canada. 


IV.  Legal  Issues 

The  legal  issues  relevant  to  winter  navigation  involve  responsi¬ 
bility  and  liability  for  damages  which  could  result  from  the  efforts 
of  the  WNB  and  interested  federal  agencies  to  extend  the  navigation 
season  pursuant  to  Section  107  of  the  River  and  Harbor  Act  of  1970, 
as  amended.  The  areas  of  potential  impact  which  may  be  associated  with 
an  extension  of  the  navigation  season  are:  (a)  impacts  from  flooding; 

(b)  shoreline  structural  damage;  (c)  shoreline  erosion;  (d)  adverse 
impacts  on  power  generation;  and  (e)  adverse  environmental  and  social 
impacts.  The  possible  impact  on  all  phases  of  the  human  environment 
will  be  examined  in  the  environmental  impact  statement  which  the  WNB 
is  preparing  in  conjunction  with  the  entire  program.  Detailed  studies 
under  the  extended  season  authorization  have  been  undertaken  to 
determine  the  specific  causes  of  such  environmental  impacts,  the  recom¬ 
mended  plan  for  remedial  measures,  and  the  federal  and  local  responsibility 
for  cost  sharing. 

Some  types  of  potential  damage  are  incidental  to  navigation  such 
as  damage  to  locks,  harbor  facilities,  r  id  vessels.  While  the  possibility 
of  such  types  of  damage  exist  at  all  times,  they  may  occur  with  greater 
frequency  and  potentially  greater  severity  during  the  periods  when  ice 
is  present.  Other  types  of  damage,  primarily  ice-related,  include  ice 
scouring  of  the  shoreline,  damage  to  shoreline  structures  such  as  piers 
and  boathouses,  ice  clogging  of  water  intakes  and  sewage  outfalls, 


and  reduction  of  flows  at  powerhouses  due  to  ice  jams.  Ice-related 
damages  may  occur  naturally  whenever  the  integrity  of  the  ice  cover 
is  disrupted  by  severe  weather  or  mild  temperatures,  especially  if 
they  occur  in  an  adverse  sequence.  Under  an  extended  navigation 
season,  it  may  be  difficult  in  some  circumstances  to  determine  whether 
damages  would  be  due  to  extended  season  operation  and  activities  or 
would  have  occurred  naturally  without  season  extension. 

PASNY  has  suggested  that  the  transiting  of  a  stable  ice  cover  by 
vessels  would  disrupt  the  ice  cover  which  could  result  in  ice  jamming 
downstream.  It  has  also  been  suggested  that  alteration  or  interference 
with  the  present  ice  control  system  approved  by  the  IJC  and  operated 
by  PASNY  and  Ontario-Hydro  on  the  St.  Lawrence  River  could  cause  an 
ice  jam.  The  elevation  of  the  water  level  upstream  of  an  ice  jam  could 
cause  flood  damage  to  riparian  property  owners  within  the  affected  area. 
Additionally,  the  change  in  the  water  level  and  flow  resulting  from 
an  ice  jam  could  have  an  adverse  impact  on  power  generation  as  well  as 
on  domestic  and  sanitary  uses  and  downstream  navigation. 

Since  the  installation  or  modification  of  an  ice  boom  or  other 
structure  for  navigation  in  the  St.  Lawrence  River,  the  St.  Marys  River, 
or  elsewhere  in  boundary  waters  can  have  international  legal  implications, 
responsibility  and  jurisdiction  over  such  structures,  with  respect  to 
Canadian  rights  and  interests,  will  be  addressed.  Legal  implications 
of  extending  the  navigation  season  will  also  be  addressed  under  domestic 
law  in  terms  of  impacts  on  riparian,  navigation  and  power  interests. 

The  riparian  rights  doctrine,  which  is  found  in  the  common  law  of 
the  states,  provides  the  starting  point  for  determining  the  rights  and 
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liabilities  of  parties  in  the  United  States.  The  United  States  Consti¬ 
tution  and  several  federal  statutes  also  affect  the  rights  and  liabilities 
of  parties  in  the  United  States.  International  aspects  are  governed  by 
the  Boundary  Waters  Treaty  which  superimposes  its  legal  framework  on 
domestic  law. 


10/  Although  the  word  "riparian"  strictly  speaking  refers  only  to  land 
adjacent  to  rivers,  it  is  commonly  used  to  include  land  adjacent  to 
lakes  and  seas. 
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damage  from  an  extension  of  the  navigation  season  includes  damage  to 
shoreline  structures,  shoreline  erosion,  and  damage  from  flooding. 

There  is  no  authority  under  United  States  law  suggesting  that  liability 
for  riparian  damage  resulting  from  winter  navigation  is  to  be  treated 
any  differently  than  liability  for  damage  resulting  from  navigation 
in  general. 

In  the  United  States,  a  riparian  owner  has  certain  legal  rights 
which  are  incident  to  his  ownership  of  riparian  land.  Some  of  the  more 
important  of  these  rights  include  the  right  to  access  to  the  water;  the 
right  to  extract  and  use  the  water;  the  right  to  have  the  water  flow 
in  its  natural  course,  mode,  condition,  and  channel;  and  the  right  to 
use  the  stream  for  the  generation  of  power.  In  general,  a  riparian 
owner  has  a  cause  of  action  when  there  is  interference  with  his  riparian 
rights.  Although  riparian  rights  are  subject  to  reasonable  regulation 
by  the  state  and  federal  governments,  a  taking  of  certain  riparian 
rights  generally  entitles  the  riparian  owner  to  compensation. 

Riparian  rights  are  not  absolute.  The  rights  can  be  exercised  and 
protected  on’y  to  the  extent  that  such  exercise  or  protection  does  not 
interfere  with  any  corresponding  i  :ghts  of  other  riparian  owners, 
c .  Navigation  Rights 

Since  rivers  are  considered  natural  public  highways  for 
the  use  and  benefit  of  the  people,  the  rights  of  riparian  owners  are 
also  subject  to  the  exercise  of  navigational  uses.  As  against  a  vessel 
in  the  water,  a  riparian  owner  ordinarily  has  no  cause  of  action  for 
injury  to  his  land  incident  to  the  ordinary,  careful  navigation  of  the 
vessel  on  the  water.  Private  property  owners  on  navigable  waters  assume 


the  risk  of  such  damage  as  an  incident  to  their  ownership  of  land 
abutting  on  navigable  waters.  Accordingly,  the  shore  and  structures 
adjacent  to  such  waters  are  held  subject  to  the  rights  of  navigation, 
and  a  riparian  owner  cannot  recover  for  wash,  erosion,  or  other  shoreline 
damage  caused  by  a  passing  vessel  which  is  exercising  ordinary  care. 

There  is  also  authority  suggesting  that  there  would  be  no  recovery  for 
damage  to  a  shoreline  structure  caused  by  ice  agitated  by  a  passing 
vessel.  — 

However,  the  rights  of  navigation  are  not  exclusive  either.  A 

riparian  owner  can  recover  for  damages  sustained  from  a  vessel  if  he  can 

show  willful  damage  or  negligent  operation  of  the  vessel.  One  engaged 

in  the  navigation  of  a  vessel  is  required  to  use  reasonable  care  for 

the  protection  of  all  interests  which  could  foreseeably  be  injured  by 

the  operation  of  the  vessel.  Thus,  a  riparian  owner  can  recover  if  there 

was  a  breach  of  the  duty  of  care  in  the  operation  of  the  vessel. 

d.  Federal  Navigation  Servitude 

Riparian  rights  on  navigable  waters  are  also  subject 

to  the  power  of  the  federal  government  to  regulate  navigation  under  the 

12/ 

commerce  clause  of  the  Constitution”  In  all  navigable  waters  of  the 
United  States,  the  federal  government  has  a  dominant  servitude  which  may 
be  exercised  in  favor  of  navigation.  To  improve  or  promote  navigation. 


11/  R&H  Development  Co.  v.  Diesel  Tanker  J.A.  Martin,  Inc.  203  A. 2d 
766  (1964).  Although  liability  was  found  in  this  case,  the  court 
indicated  that  in  the  absence  of  negligence  there  would  be  no 
liability. 

12 J  United  States  v.  Appalachian  Electric  Power  Co.,  311  U.S.  377,  61 
S.Ct.  772  (1940). 
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Congress  may  exercise  its  dominant  servitude  in  a  way  which  alters, 

impairs,  or  takes  away  certain  riparian  rights.  When  Congress  exercises 

its  powers  with  respect  to  the  dominant  servitude,  there  is  no  legal 

taking  and  the  riparian  owner  is  not  entitled  to  any  compensation  for 

13/ 

such  interrerence  with  his  rights.—' 

The  dominant  servitude  of  the  United  States  extends  up  to  the  high 
water  mark.  For  damages  to  fast  land,  i.e.,  above  the  high  water, 
the  United  States  may,  in  some  instances,  be  liable  to  the  owner  of 
the  land.— ^ 


e.  Sovereign  Immunity 

As  a  general  principle,  the  United  States  enjoys 
sovereign  immunity,  i.e.,  the  sovereign  cannot  be  sued  in  its  own 
courts  without  its  consent.  Several  exceptions  to  this  principle 
allow  recovery  against  the  United  States  under  certain  circumstances. 
These  exceptions  are  reviewed  below. 


13/  Gibson  v.  United  States 


166  U.S.  269,  17  S.  Ct.  573  (1897). 


14/  Uniced  States  v.  Kansas  City  Ins.  Co.  339  U.S.  799,  70  S.  Ct. 
885  (1950). 
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(i)  A  Constitutional  Taking 

The  Tucker  Act  waives  the  sovereign  immunity 

of  the  United  States  with  respect  to  claims  either  founded  upon  the 

Constitution,  federal  laws,  federal  regulations,  or  contracts,  or  for 

15/ 

other  cases  not  sounding  in  tort. —  Claims  not  exceeding  $10,000  may 
be  brought  thereunder  in  United  States  district  courts.  Claims  of  any 
amount  may  be  brought  in  the  Court  of  Claims. 

Under  the  Tucker  Act  the  United  States  must  com¬ 
pensate  a  riparian  landowner  if  the  damage  to  his  land  constitutes  a 
"taking  of  property"  within  the  meaning  of  the  Fifth  Amendment  of  the 
Constitution  of  the  United  States.  To  be  a  taking  of  property,  the 
damage  must  be  of  a  substantially  permanent  nature.  For  example,  a 
flooding  which  permanently  inundates  fast  land  would  be  a  taking  and 
thus  compensable.  Likewise,  a  flooding  which  is  inevitably  recurring 
would  also  constitute  a  taking  of  at  least  an  easement.  On  the  other 
hand,  a  single  flooding  which  later  recedes  or  a  flooding  which  only 
occurs  under  unusual  and  unpredictable  circumstances  does  not  constitute 
a  taking  and  the  federal  government  would  not  be  liable  for  loss  of  land. 

There  are  no  known  reported  cases  dealing  with  federal  responsibility 
for  erosion  or  shoreline  structural  damage  caused  by  ice  scouring  or  ice 
agitation  related  to  navigation.  When  a  federal  project  causes  loss 
of  riparian  land  above  the  high  water  mark,  there  is  a  compensable  taking 


15/  28  U.S.C.  §1346. 
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if  there  is  an  actual  physical  invasion  of  the  land  by  water  or  ice.—' ■ 
However,  where  there  is  no  actual  physical  invasion  of  riparian  land 
above  the  high  water  mark,  loss  of  riparian  land  due  to  erosion  has 
been  held  not  to  be  a  taking  and  thus  not  compensable  .—^ 

In  applying  the  law  of  these  two  cases  to  ice-induced  erosion, 
there  would  be  a  basis  for  denying  recovery  for  damage  caused  by 
erosion  where  such  damages  were  not  accompanied  by  a  rise  in  the 
natural  level  of  the  water.  However,  there  would  be  authority  for 
recovery  for  loss  of  land  due  to  erosion  where  there  was  a  raising 
of  the  natural  water  level,  e.g.,  by  ice  jams  which  result  in  an 
actual  physical  invasion  of  fast  land  by  water  or  ice. 


(ii)  Liability  under  the  Federal  Tort  Claims  Act 

Aside  from  liability  based  on  a  constitutional 
taking,  the  federal  government  could  also  be  liable  for  riparian  damage 
above  the  high  water  mark  resulting  from  the  government's  negligence. 

18/ 

Liability  of  this  nature  is  predicated  on  the  Federal  Tort  Claims  Act. — 


16/  See  Dickinson  v.  United  States  311  U.S.  745,  67  S.  Ct.  1382  (1947). 
17/  Pitman  v.  United  States  457  F.  2d  975,  198  Ct.  Cl.  82  (1972). 

18/  28  U.S.C.A.  2674. 
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The  intent  of  this  act  is  to  waive  sovereign  immunity  and  make  the 
United  States  liable  for  tort  claims  in  the  same  manner  and  to  the 
same  extent  as  a  private  individual.  Under  this  Act,  a  riparian 
landowner  could  recover  for  damages  or  loss  of  his  property  resulting 

from  the  government’s  negligence  related  to  installation,  operation, 

19  / 

or  maintenance  of  navigational  works.— 

There  are  several  exceptions  to  the  Federal  Tort  Claims  Act  which 
bar  its  application.  The  federal  government  is  not  liable  under  the 
Act  for 


"Any  claim  . . .  based  upon  the  exercise  or 
performance  or  the  failure  to  exercise  or 
perform  a  discretionary  function  or  duty  on 
the  part  of  a  federal  agency  or  an  employee 
of  the  Government,  whether  or  not  the  discre¬ 
tion  involved  be  abused."  20/ 


The  scope  of  the  discretionary  function  exception  is  not  easy  to 
determine.  A  summary  of  this  exception  appears  in  volume  24  of  the 
Federal  Bar  Journal  (No.  2,  Spring  1964): 


19/  Everitt  v.  United  States  204  F.Suppl.  20  (1962). 
20/  28  U.S.C.A,  2680(a). 
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"(1)  When  the  claim  arises  out  of  the  Govern¬ 
ment's  decision  to  undertake  a  work  project  or 
a  governmental  program  (such  as  the  decision 
to  change  the  course  of  a  river),  the  discre¬ 
tionary  function  will  apply.  (2)  When  the 
claim  arises  out  of  the  execution  of  the  pub¬ 
lic  works  project  or  governmental  program:  (a) 
if  the  plan  or  design  itself  dictates  the  speci¬ 
fications,  schedules,  or  details  of  the  operation 
(such  as  where  the  plan  dictates  negligently 
designed  dikes  or  revetments,  or  the  plan  calls 
for  blasting...)  which,  when  carefully  adhered 
to,  gives  rise  to  the  claim,  the  discretionary 
function  exclusion  is  applicable;  but  (b)  if 
there  is  a  wrongful  deviation  from,  or  negli¬ 
gence  in  carrying  out,  the  design,  specifica¬ 
tion,  schedules  or  other  details  of  operation 
set  forth  in  the  overall  plan,  the  discretionary 
function  exception  is  not  applicable;  (c)  if 
the  overall  plan  is  only  general  in  terms  and 
silent  as  to  the  details,  discretionary  function 
exception  applies  to  a  negligently  conceived 
mode  of  execution  (it  is  here  that  many  decisions 
inject  the  planning  vs.  operational level  test 
for  applying  the  exception,  ruling  it  inapplicable 
at  the  operational  level.  And  (3)  when  the  claim 
arises  out  of  negligence  in  connection  with  opera¬ 
tion  and  maintenance  of  public  works  or  programs 
(such  as  where  there  is  a  negligent  failure  to 
light  up  navigation  locks  at  night) ,  the  discre¬ 
tionary  function  is  not  applicable." 


It  can  generally  be  stated  that  damages  which  are  a  result  of  a 
carefully  planned  and  authorized  study  for  the  extended  navigation 
season  and  which  are  envisioned  by  the  plan  and  approved  by  higher 
authority  would  be  considered  discretionary  functions  and  recovery 
would  be  barred.  However,  damages  which  result  from  the  negligent, 
careless,  willful,  or  wanton  conduct  of  day-to-day  activities  of 
a  government  employee  in  connection  with  the  program  would  be 
compensable  under  the  Federal  Tort  Claims  Act. 
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(iii)  No  Liability  for  Flood  Damage 

A  broad  Immunity  exists  exempting  the 

21/ 

federal  government  from  liability  for  flood  damages. —  However,  this 
immunity  has  been  narrowly  construed  in  view  of  the  Federal  Tort  Claims 
Act  to  apply  only  to  flood  control  proj ects.-li/The  present  authorization 
of  the  winter  navigation  demonstration  program  may  not  be  broad  enough 
to  take  advantage  of  this  immunity. 

(iv)  Administrative  Settlement  Under  the 
Federal  Tort  Claims  Act 

Claims  brought  under  the  Federal  Tort 

Claims  Act  must  first  be  presented  to  the  agency  whose  employee  was 

23/ 

allegedly  responsible  for  the  damage. — The  head  of  each  federal 
agency,  or  his  designee,  may  settle  claims  brought  against  the  United 

hi  j 

States  based  upon  actions  of  that  agency's  employees.—'  Settlements 

not  in  excess  of  $2,500  are  paid  out  of  the  agency's  appropriations .HU 

Settlements  in  excess  of  $2,500  but  not  more  than  $100,000  are  obtained 

26/ 

through  the  General  Accounting  Office. — 'All  settlements  exceeding 

27/ 

$25,000  must  be  approved  by  the  Attorney  General  or  his  designee. — • 
Settlements  in  excess  of  $100,000  will  be  forwarded  to  the  Department 
of  the  Treasury  which  in  turn  submits  them  to  the  Office  of  Management 
and  Budget  for  inclusion  in  a  deficiency  appropriation  bill. — ' 


21/  33  U.S.C.  §  702c 

22/  Graci  v.  United  States  456  F.  2d  20  (1971). 
23/  28  U.S.C.  12675(a). 

24/  28  U.S.C.  §2672. 

25/  Id. 

26/  28  C.F.R.  14.10. 

27/  28  U.S.C. A.  2672. 

28/  28  C.F.R.  14.10. 
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Claims  arising  from  Corps  of  Engineers  activities  are  to  be 

presented  to  the  unit  involved  or  to  the  nearest  Army  post,  camp, 

station,  or  other  military  establishment  convenient  to  the  claimant.  f 

District  and  Division  Engineers  have  authority  to  pay  meritorious 

claims  for  $5,000  or  less.—' ^Claims  greater  than  $5,000  must  be 

31/ 

referred  to  the  U.S.  Army  Claims  Service. —  For  claims  in  excess 
of  $25,000,  consultation  with  the  Department  of  Justice  is  also 
required.  32/ 

Claims  arising  out  of  the  civil  works  activities  of  the  Corps 
of  Engineers  are  normally  paid  out  of  funds  controlled  by  the  Chief 
of  Engineers.  Claims  in  excess  of  $5,000  are  forwarded  by  the  District 
or  Division  Engineers  through  Engineer  channels  to  the  U.S.  Army  Claims 
Service.  .33/ 


(v)  The  Military  Claims  Act 

The  Military  Claims  Act  provides  another 

authority  for  settling  claims  against  the  United  States.— ^A  claim  may  not 

be  considered  under  this  Act  if  the  Federal  Tort  Claims  Act  is  applicable 
35/ 

to  the  claim. —  A  claim  based  on  a  negligent  act  may  be  settled  under 


29/  AR27-20  Ch.  2-10  d.  (13). 

30/  AR27-20  Ch.  4-15  b  <l)(d). 

31/  AR27-20  Ch.  2-11  c. 

32/  28  U.S.C.A.  2672. 

33/  AR27-20  Ch.  2-21  f. 

34/  10  U.S.C.  §2733. 

35/  10  U.S.C.  §2733  (b)(2). 
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the  Military  Claims  Act  only  if  the  Federal  Tort  Claims  Act  has  been 
judicially  determined  not  to  be  applicable  to  such  type  of  claim.  2§/ 
Under  the  Military  Claims  Act,  the  Secretaries  of  the  various 
military  departments  may  establish  procedures  for  the  settlement  of 
claims  against  the  United  States  for  damages  or  loss  of  property 
caused  by  non-combat  activities  of  personnel  of  the  various  military 
departments.  Claims  not  exceeding  $25,000  may  be  paid  under  this 
authority.  2Z/  District  and  Division  Engineers  of  the  Corps  of  Engineers 
have  authority  to  approve  and  pay  claims  not  in  excess  of  $5,000.2^ 

Army  claims  in  excess  of  $5,000  are  forwarded  to  the  U.S.  Army  Claims 

39/ 

Service  which  has  authority  to  settle  claims  not  exceeding  $25,000. — 
For  meritorious  claims  in  excess  of  $25,000,  the  Secretary  of  the 
military  department  may  pay  $25,000  to  the  claimant  and  report  the 
excess  to  Congress  for  its  consideration.^ 

Claims  may  not  be  paid  under  this  Act  based  upon  the  performance 
of  a  discretionary  function^./  This  exception  may  be  considered 
similar,  if  not  identical,  to  the  discretionary  function  exception 
to  the  Federal  Tort  Claims  Act. 


36/  AR  27-20  Ch.  3-4  (d). 

37/  10  U.S.C.  §  2733. 

38/  AR27-20  Ch.  3-14  b.  (1)  (g) . 

39/  AR27-20  Ch.  3-16  a.,  AR27-20  Ch.  2-11  b. 

40/  10  U.S.C.  §2733(d). 

41/  AR27-20  Ch.  3-5  b. 


( 


Army  regulation  provides  guidance  for  choosing  the  applicable 
law  for  establishing  the  substantive  elements  of  the  claim.  In  the 
United  States,  the  law  of  the  place  where  the  act  or  omission  occurred 
governs .  — 


(vi)  Liability  in  Admiralty 

Under  certain  circumstances,  the  federal  government  could  be 

43/ 

liable  for  claims  brought  under  the  Suits  in  Admiralty  Act  —  or  the 

44/ 

Public  Vessels  Act.  —  These  two  acts  waive  the  government  s  sovereign 
immunity  by  allowing  suits  in  admiralty  against  the  United  States 
for  damages  caused  by  government-owned  vessels  or  cargo.  To  the 
extent  that  these  statutes  are  applicable,  the  Federal  Tort  Claims 
Act  does  not  apply ,~ 

Application  of  the  Suits  in  Admiralty  Act  or  the  Public  Vessels 

Act  depends  upon  government  ownership  of  the  vessel  or  cargo  which 

A  6/ 

causes  the  damage.--  Admiralty  jurisdiction  applies  under  these  acts 

,  47/ 

regardless  of  whether  the  damage  is  consummated  on  water  or  on  land. — 

Suits  for  damages  caused  by  government-owned  vessels  engaged  in  season 

extension  activities,  such  as  ice-breaking,  would  be  brought  under 

the  appropriate  one  of  these  acts. 


42/ 

AR27-20  Ch.  3-1.1  a. 

43/ 

46  U.S.C. 

§’741  ejt^  seq . 

44/ 

46  U.S.C. 

§781  et  seq. 

45/ 

28  U.S.C. 

§2680(d),  46  U.S.C. A.  740. 

467 

46  U.S.C. 

§S742,  781. 

47/ 

46  U.S.C. 

§740. 

(vii)  Administrative  Settlement  of  Admiralty  Suits 

A  claim  for  damages  caused  by  a  government- 

owned  vessel  must  first  be  presented  to  the  agency  owning  the  vessel 

prior  to  initiation  of  suit  against  the  United  States.  — ^For  claims 

involving  vessels  owned  by  the  Army,  the  Secretary  of  the  Army  can 

settle  and  pay  suits  for  damages  up  to  $500, 000 .^2/  The  Secretary  may 

settle  suits  for  more  than  $500,000,  but  these  he  must  certify  to 

Congress.  50  /  a  settlement  for  less  than  $10,000  can  be  made  by  the 

U.S.  Army  Claims  Service .JLL' 

(viii)  The  Meritorious  Claims  Act 

Claims  against  the  United  States  which 

cannot  otherwise  be  lawfully  adjusted  may  be  considered  by  the  General 

52/ 

Accounting  Office,  but  relief  under  this  authority  is  discretionary.  — ' 

2.  Foreign  Claims 

a.  A  Constitutional  Taking 

Aliens  holding  property  in  the  United  States  may  recover 
for  a  government  taking.— ^  United  States  citizens  may  recover  for 
property  taken  by  the  United  States  in  a  foreign  country.  ~  There  is 
even  an  authority  holding  that  aliens  may  recover  for  property  taken 
by  the  United  States  in  a  foreign  country.  — ^ 


48/  46  U.S.C.  §  740. 

49/  10  U.S.C.  §  4802. 

50/  TcL 

51/  AR27-20  Ch.8-9. 

52/  31  U.S.C.  §§71,  236. 

53/  Russian  Volunteer  Fleet  Co.  v.  United  States  282  U.S.  481,  51  S.  Ct. 
229  (1931). 

54/  Wiggins  v.  United  States  3  Ct.  Cl.  412  (1867);  Seery  v.  United  States 
127  F.  Supp.  601,  130  Ct.  Cl.  481  (1955). 

55/  Turney  v.  United  States  126  Ct.  Cl.  202,  115  F.  Supp.  457  (1953); 
Fleming  v.  United  States  352  F.  2d  533  173  Ct.  Cl.  426  (1965); 

Porter  v.  United  States  496  F.  2d  583,  204  Ct.  n  355  (1974). 
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As  mentioned  above,  liability  under  the  Tucker  Act  for  a  Fifth 
Amendment  taking  extends  only  to  those  takings  which  are  substantially 
permanent  in  nature.  Because  of  this  limitation,  the  Tucker  Act 
recovery  for  a  Fifth  Amendment  taking  may  not  be  considered  a  satis¬ 
factory  solution  to  handling  possible  Canadian  claims  arising  from 
season  extension  activities. 

b.  Federal  Tort  Claims  Act  Application  to  Foreign  Claims 
An  exception  to  the  liability  created  by  the  Federal 
Tort  Claims  Act  is  provided  to  any  claim  arising  in  a  foreign  country." 
This  exception  may  bar  claims  arising  from  season  extension  activities 
in  the  boundary  waters. 

The  Federal  Tort  Claims  Act  does  not  create  any  new 
causes  of  action.  Rather,  the  Act  subjects  the  federal  government  to 
liability  as  a  private  individual  under  state-created  causes  of  actiop. 
In  every  Federal  Tort  Claims  Act  case,  there  is  an  underlying  claim 
based  on  state  law. 

Sometimes,  different  elements  of  a  tort  can  occur  in 
different  states.  When  this  happens,  a  court  employs  "choice-of-law" 
rules  to  resolve  which  state's  law  is  applicable  to  the  case. 

These  choice-of-law  rules  vary  among  the  states.  Most  states  apply 
the  rule  that  trie  law  of  the  state  where  the  injury  took  place  governs 
all  Hie  elements  of  a  tort.  However,  recent  trends  in  several  states 
indicate  a  change  toward  using  the  law  where  the  defendant's  action 
took  place.  Other  rules  also  exist  in  some  states. 


56/  28  U.S.C.  §2680 (k) . 
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When  a  choice-of-law  issue  arises  in  a  case  brought  under  the 
Federal  Tort  Claims  Act,  the  court  must  first  turn  to  the  whole  law 
of  the  state  where  the  government's  act  or  omission  took  place.— ^ 
"Whole  law"  of  a  state  means  all  of  that  state's  law  including  the 
state's  choice-of-law  rules.  For  example,  where  the  federal  govern¬ 
ment's  action  occurs  in  one  state  and  the  injury  is  sustained  in 
a  second  state,  the  court  applies  the  choice-of-law  rules  of  the 
first  state.  If  the  choice-of-law  rules  of  the  first  state  refer  to 
the  law  where  the  injury  occurred,  then  the  court  applies  the 
substantive  law  of  the  second  state. 

The  Federal  Tort  Claims  Act  was  held  to  be  applicable  in  a  case 

in  which  the  Federal  government  was  sued  for  injuries  sustained  outside 

58  / 

the  United  States  caused  by  acts  occurring  within  the  United  States; — 

In  another  case  a  claim  was  denied  as  arising  in  a  foreign  country 

where  the  government's  action  occurred  in  a  foreign  country,  but  the 

59/ 

injury  was  suffered  in  the  United  States; — Based  on  these  precedents, 

it  is  conceivable  that  a  government  action  on  the  United  States  side 

of  the  boundary  resulting  in  damages  in  Canada  would  not  be  considered 

a  "case  arising  in  a  foreign  country."  Consequently,  under  such  an 

interpretation  Canadians  could  bring  a  suit  against  the  United  States 

\ 

in  our  courts  under  the  Federal  Tort  Claims  Act. 


57/ 

58/ 

59/ 


Richards  v.  United  States  369  U.S.  1,  82  S.Ct.  585  (1962), 
In  Re  Paris  Air  Crash  399  F.Supp.  732  (1975). 

Manemann  v.  United  States  381  F.2d  704  (1967). 
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On  the  other  hand,  under  the  above  mentioned  cases,  a  govern¬ 
ment's  negligent  act  occurring  on  the  Canadian  side  of  the  boundary 
waters  would  be  a  case  arising  in  a  foreign  country  thereby  barring 
recovery  under  the  Federal  Tort  Claims  Act  even  if  the  damage 
occurred  solely  on  the  United  States  side. 

Although  the  above  interpretation  is  consistent  with  the 
reasoning  of  the  cases  interpreting  the  Federal  Tort  Claims  Act, 
it  would  be  highly  speculative  to  predict  that  a  United  States  court 
would  arrive  at  such  a  result.  Because  of  the  uncertainty  associated 
with  the  application  of  the  Federal  Torts  Claims  Act  to  claims 
arising  from  activities  in  boundary  waters,  the  Act  cannot  presently 
be  considered  a  satisfactory  vehicle  for  handling  possible  claims. 

More  difficult  legal  questions  could  arise  if  choice-of-law 
issues  are  involved.  For  example,  if  the  state  in  which  a  government 
action  occurs  has  a  choice-of-law  rule  which  refers  to  the  place 
where  the  injury  occurs,  damage  to  Canadian  land  could  require  refer¬ 
ence  to  Canadian  law.  In  this  situation,  there  is  no  satisfactory 
legal  precedent  as  to  whether  the  Federal  Tort  Claims  Act  would  be 
applicable. 


c .  Claims  Under  the  Foreign  Claims  Act 

The  Secretaries  of  the  various  military  departments 
have  authority  to  appoint  claims  commissions  to  settle  and  pay  claims 
brought  by  foreign  countries  or  individuals  for  damage  or  loss 
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of  property  located  in  foreign  countries.  These  commissions  have 
authority  to  pay  claims  not  exceeding  $25,000. —  For  meritorious 
claims  in  excess  of  $25,000,  the  Secretary  may  pay  the  claimant 
$25,000  and  certify  the  excess  to  Congress.  — ‘ (' 

Claims  arising  in  Canada  resulting  from  the  activities  of  any 
department  of  the  armed  services  are  handled  by  the  Department  of 
the  Air  Force .  M/ 

At  the  present  time,  any  Canadian  claims  arising  from  season 
extension  activities  of  the  Corps  of  Engineers  in  boundary  waters 
cannot  be  excluded  from  consideration  under  the  Foreign  Claims  Act. 
However,  the  Foreign  Claims  Act  cannot  be  considered  a  satisfactory 
vehicle  for  handling  such  claims  for  the  following  reasons: 

(1)  settlement  authority  is  limited  to  $25,000  per  claim;  (2)  there 
is  no  recourse  to  the  courts  after  an  unfavorable  administrative 
decision;  (3)  there  are  no  definite  standards  which  establish  liability. 

d .  The  Military  Claims  Act 

Settlement  of  claims  under  the  Military  Claims  Act 
is  not  limited  only  to  claims  arising  in  the  United  States  but  also  to 


60/  10  U.S.C.  §  2734(a). 

61/  10  U.S.C.  §  2734(d). 

62/  Id. 

63 J  Department  of  Defense  Directive  5515.8,  AR27-20  Ch.  10-22  b.  (3). 


64/ 

claims  arising  in  foreign  countries  as  well.  As  mentioned  with 
respect  to  domestic  claims,  settlement  authority  under  the  Military 
Claims  Act  is  limited  to  $25,000.  Also,  the  discretionary  function 
exception  bars  recovery  under  the  Act.  §1/ 

With  regard  to  claims  arising  in  foreign  countries,  Army  regula¬ 
tion  provides  that  liability  normally  will  be  established  in  accordance 
with  general  principles  of  American  law.  — 'However,  principles  of 
absolute  liability  will  not  be  applied  against  the  United  States,  and 

the  law  of  the  place  where  the  act  or  omission  occurred  will  govern 

67  / 

issues  of  contributory  or  comparative  negligence. —  Amount  of  damages 
will  be  determined  in  accordance  with  general  principles  of  American 
law.  M/ 


e.  Foreign  Claims  Payable  by  the  Secretary  of  State 

The  Secretary  of  State  also  has  authority  to  settle 

claims  brought  by  a  foreign  government  if  the  claims  are  not  cognizable 

69  / 

under  any  other  statute  or  agreement. —  Claims  payable  under  this 
authority  may  not  exceed  $15,000. 

Like  the  Foreign  Claims  Act,  settlement  of  claims  under  this 
authority  is  unsatisfactory  for  the  following  reasons:  (1)  settlement 
authority  is  limited  to  $15,000;  (2)  there  is  no  recourse  to  the 
courts  after  an  unfavorable  administrative  decision;  and  (3)  there 
are  no  definite  standards  establishing  liability. 


64/  10  U.S.C.A.  2733. 

65/  AR27-20  Ch.  3-5  b. 

66/  AR27-20  Ch.  3-11  b. 

67/  Id. 

68/  AR2/-20  Ch.  3-11  d. 

69/  22  U.S.C.  §  2669(b). 


J-29 


f.  The  Meritorious  Claims  Act 


As  mentioned  above,  the  General  Accounting  Office 
has  authority  to  pay  claims  against  the  United  States  which  cannot 
otherwise  be  lawfully  adjusted.  This  act  cannot- be  considered  as 
providing  satisfactory  procedure  for  handling  Canadian  claims  because 
relief  under  the  act  is  entirely  discretionary. 

B.  Liability  for  Impacts  on  Navigation  and  Transportation 

Permanent  extension  of  the  navigation  season  would  have  impacts 
on  navigation  interests.  The  Demonstration  Program  identifies  and 
addresses  these  problems.  The  legal  implications  of  these  impacts 
are  believed  to  relate  primarily  to  private  navigation  interests  and 
not  the  federal  government.  Therefore,  the  legal  implications  regarding 
federal  interests  are  not  addressed  in  this  appendix. 

Permanent  extension  of  the  navigation  season  would  also  have 
adverse  impacts  on  some  present  forms  of  transportation.  Where  ferrys 
provide  transportation  for  people  living  on  islands,  for  example  in 
the  St.  Marys  River,  commercial  traffic  during  the  ice  period  can 
disrupt  service.  Normally,  such  ferrys  operate  in  open  water  below 
natural  ice  bridges.  Navigation  in  the  St.  Marys  River  during  the 
winter  season  contributes  to  frequent  breaking  up  of  these  natural 
ice  bridges,  which  permits  ice  to  fill  in  the  ferry  tracks  and  thus 
disrupt  services. 
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Winter  navigation  in  the  St.  Marys  River  resulting  in  disruption 
of  the  solid  ice  cover  is  also  blamed  for  hindering  travel  by  foot, 
sled,  or  snowmobile  over  the  solid  ice  cover  in  some  places.  To  the 
extent  that  such  activities  are  subject  to  the  Federal  Government's 
dominant  servitude  in  favor  of  navigation,  there  would  appear  to  be 
no  legal  liability  for  such  disruptions. 


C.  Liability  and  Existing  Responsibility  for  Impacts 


on  the  Power  Entities 


impact  on  hydroelectric  power  generation  and  (2)  cause  flooding 
upstream  on  the  river  and  on  Lake  Ontario  for  which  it  might  be 
held  liable.  In  particular,  ice  jams  could  reduce  the  flow  of 
water  in  the  St.  Lawrence  River  and  thus  decrease  the  head  and 
volume  of  water  available  for  power  generation  at  the  St.  Lawrence 
Power  Dam  and  downstream  at  Hydro  Quebec's  Beauharnois  Station. 

Flow  reduction  for  an  appreciable  length  of  time  in  the  river  could 
also  cause  the  level  of  the  river  upstream  of  the  jam  and  the  level 
of  Lake  Ontario  to  rise  to  levels  higher  than  would  have  existed 
had  regulation  plan  flows  been  released.  This  has  been  evidenced 
when  an  early  onset  of  ice  conditions  combined  with  continuing  navi¬ 
gation  activities  delayed  the  closing  of  the  ice  booms  and  the 
development  of  a  satisfactory  stable  ice  cover  at  an  appropriate 
time. 

PASNY  is  not  alone  in  expressing  concern.  The  Chairman  of  the 
FPC  commented  on  the  Corps  of  Engineers  proposed  report  and  on  the 
reports  of  the  Board  of  Engineers  for  Rivers  and  Harbors  and  of  the 
District  and  Division  Engineers  on  the  Great  Lakes-St.  Lawrence  Seaway, 
Navigation  Season  Extension,  as  follows: 


"A  word  of  caution  must  be  given  with  respect 
to  future  efforts  to  extend  the  navigation  season 
on  the  St.  Lawrence  River.  The  efficient  winter 
operation  of  the  combined  United  States-Canadian 
hydroelectric  plant  on  the  St.  Lawrence  River  is 
dependent  upon  the  early  formation  of  a  stable  ice 
cover  to  permit  flows  under  the  ice  without  ex¬ 
cessive  head  losses  which  can  result  from  a  cover 
thickened  as  a  result  of  broken  ice.  Operation  of 
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the  hydroelectric  plants  at  Niagara  Falls  and  the 
prevention  of  ice  jams  and  resultant  riparian 
damage  along  the  shores  of  the  Niagara  River  are 
likewise  dependent  on  control  of  ice  at  the  head 
of  the  Niagara  River.  The  matter  of  liability  for 
damages  if  the  ice  booms  are  opened  for  navigation 
must  be  resolved  before  extension- of  the  season  on 
the  St.  Lawrence  is  considered."  70/ 

In  light  of  these  concerns  it  is  PASNY's  view  that  the  1952  IJC 
Order  of  Approval,  the  FPC  license  for  the  St.  Lawrence  Power  Project, 
and  the  subsequent  IJC  approval  of  the  ice  booms  establish  the  legal 
authority  for  the  continued  operation  of  the  entire  project,  including 

N 

the  ice  booms,  as  presently  constructed  and  operated  until  such  time 
as  the  IJC  and  the  FPC  take  action  to  modify  either  the  project  works 
or  the  plan  of  operation  in  accordance  with  applicable  legal  require¬ 
ments.  Thus,  PASNY  maintains  that: 

(1)  PASNY's  liability  for  damages,  its  duties  with  respect 
to  navigation  and  other  beneficial  public  uses,  and  its  right  to  use 
the  waters  of  the  St.  Lawrence  River  for  power  production  are  set  forth 
in  the  1909  Treaty,  the  IJC  Orders,  the  Federal  Power  Act  and  PASNY's 
FPC  license; 

(2)  PASNY  might  be  liable  for  damages  due  to  injury  to  third 
party  rights  attributable  to  its  acquiescence  in  any  ice  boom  modifications; 

(3)  Such  acquiescence  could  injure  PASNY's  right  to  use  the 
water  for  power  purposes;  and 

(4)  Any  modification  of  the  ice  booms  must  be  approved  by  the  IJC 
and  the  FPC,  taking  into  account  all  the  safeguards  provided  in  the  1909 
Treaty  and  IJC  Orders,  and  the  Federal  Power  Act  and  PASNY's  FPC  license. 


70/  Letter  from  Richard  L.  Dunham  to  J.  W.  Morris  (January  27,  1977). 
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Since  PASNY' s  position  is  set  out  in  detail  in  the  attached  memorandum 
of  September  10,  1975,  to  the  Legal  Committee,  only  a  brief  summary  is 
presented  below. 

As  noted  earlier,  the  IJC  determined  in  January  1974  that  the 
six  ice  booms  should  be  considered  as  included  in  the  works  approved 
by  its  1952  Order  of  Approval.  This  formal  assumption  of  jurisdiction 
was  concurred  in  by  both  Governments,  and  the  power  entities  were 
notified  of  this  formal  determination  in  October  1974.  In  pertinent 
part  the  notice  states  that  the  approvals  given  by  the  Joint  Board  of 
Engineers  to  the  power  entities  are  to  be  considered  IJC  approvals 
and  that  any  amendments  thereto  would  require  further  IJC  approval.  — ^ 
Since  the  approvals  of  the  Joint  Board  were  issued  subject  to  the 
condition  that  any  significant  modifications  in  the  design  or  location 
of  the  booms  would  require  further  approval  by  the  Joint  Board,  22J 
PASNY  believes  that  no  significant  modification  of  the  six  ice  booms 
in  order  to  facilitate  any  winter  navigation  program  or  other  purpose 
is  permissible  without  IjC  approval  thereof. 

PASNY  also  believes  that  the  Federal  Power  Act  independently  requires 
PASNY  to  obtain  prior  FPC  approval  for  any  substantial  alteration  to 
the  ice  booms  or  other  project  works  in  connection  with  the  winter  navi¬ 
gation  demonstration  program.  Section  10(b)  of  the  Federal  Power  Act 


71/  Letter  from  International  Joint  Commission  to  Power  Authority 
of  the  State  of  New  York,  October  11,  1974. 

72/  Letters  from  St.  Lawrence  River  Joint  Board  of  Engineers  to 
Hydroelectric  Power  Commission  of  Ontario,  September  1,  1959, 
and  August  4,  1960. 
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provides  that  no  substantial  alteration  or  addition  shall  be  made  to 


73/ 

any  dam  or  other  project  works  without  the  prior  approval  of  the  FPC. — 

This  requirement  was  specifically  incorporated  into  PASNY's  FPC  license 
for  the  project.—^  Under  the  Federal  Power  Act  project  works  are  the 
physical  structures  of  the  project,  such  as  the  forebay  reservoir  or 
powerhouse.  The  project  is  the  complete  unit  of  improvement  which  includes 
all  miscellaneous  structures  the  use  and  occupancy  of  which  are  necessary 
or  appropriate  in  the  operation  of  the  unit.  " 

In  issuing  the  license,  the  FPC  expressly  found  that  the  project 
would  include  principal  project  works  such  as  Lake  St.  Lawrence  and  all 
other  structures,  fixtures,  equipment,  or  facilities  "including  such 
portable  property  as  may  be  used  or  useful  in  connection  with  the 
project."  —/consequently,  it  is  PASNY's  view  that  the  six  ice  booms, 
as  portable  property  useful  in  connection  with  operation  of  the  project, 
and  Lake  St.  Lawrence,  as  the  forebay  reservoir,  are  "project  works" 
within  the  meaning  of  the  Federal  Power  Act  and  its  license,  and  a 
substantial  alteration  of  the  booms  or  the  level  of  the  reservoir  is 
prohibited  without  prior  FPC  approval  pursuant  to  section  10(b). 

While  PASNY  did  obtain  a  Department  of  the  Army  permit  under  Section  10 
of  the  River  and  Harbor  Act  of  1899,  such  permit  was  not  required  nor  was 
it  applicable  to  the  project  wor^s  since  the  licensing  authority  vested 
in  the  FPC  under  the  Federal  Power  Act  preempts  the  permitting  authority 
delegated  to  the  Corps  of  Engineers  under  the  River  and  Harbor  Act.— 


73/  16  U.S.C.  §803 (b) . 

74/  12  F.P.C.  at  186. 

75/  16  U.S.C.  §$796(11),  (12). 

76/  12  F.P.C.  at  180-181. 

77/  Scenic  Hudson  Preservation  Conference  v.  Callaway ,  370  F.Supp.  162 
(S.D.  N.Y.  1973),  aff 'd  499  F.2d  127  (2nd  Cir.  1974). 
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PASNY's  concerns  regarding  its  potential  liability  are  also  grounded 
in  the  IJC  order,  its  FPC  license  and  the  Federal  Power  Act.  Condition 
(a)  of  the  IJC  order  provides  that  all  interests  on  either  side  of  the 
International  Boundary  which  are  injured  by  the  construction,  maintenance 
and  operation  of  the  works  must  be  given  suitable  and  adequate  protection 
and  indemnity  in  accordance  with  the  laws  of  Canada  and  the  United  States. 
The  relevant  laws  of  the  United  States  are,  of  course,  the  provisions  of 
the  Federal  Power  Act.  With  respect  to  such  protection  and  indemnity 
section  10(c)  states: 

"Each  licensee  hereunder  shall  be  liable  for  all 
damages  occasioned  to  the  property  of  others  by 
the  construction,  maintenance,  or  operation  of 
the  project  works  or  of  the  works  appurtenant 
or  accessory  thereto,  constructed  under  the 
license,  and  in  no  event  shall  the  United  States 
be  liable  therefor."  78/ 

In  the  context  of  the  other  provisions  of  the  Federal  Power  Act ,  22/ 
section  10(c)  has  been  construed  by  the  courts  to  require  a  licensee 
such  as  PASNY  t.o  pay  just  compensation  for  destruction  of,  or  inter¬ 
ference  with,  vested  water  rights  and  other  property  interests  held 
under  State  law.  22/  Hence,  the  matter  of  PASNY's  potential  liability 
for  injuries  to  third  party  rights  attributable  to  PASNY's  acquiescence 
in  any  ice  boom  modifications  to  facilitate  winter  navigation  must 
be  resolved  satisfactorily  prior  t'1  commencement  of  such  activities. 


78/  16  U.S.C.  5803(c). 

79V  In  particular,  see  section  .’7,  Jt>  I’.S.C.  §821. 

80/  FPC  v.  Niagara  Mohawk  Power  Corp.  347  U.S,  239  (1954);  Henry  Ford 
&  Son,  Inc,  v.  Little  Falls  Fibre  Co.  280  U.S.  269  (1930);  Port¬ 
land  General  Electric  Co",  v.  FPCf  ”32*8  F.2d  165  (9th  Cir.  1964); 
U.S.  v.  Central  Stockholders  Corp.  52  F.2d  323  (9th  Cir.  1931). 


.-uri  h-  -  rr 


Adequate  compensation  for  any  injury  to  PASNY's  rights  under  its 

FPC  license  must  also  be  provided.  It  must  be  emphasized  that  a  FPC 

license  to  construct  a  power  project  authorizes  the  licensee  to  "appropri- 

81/ 

ate  water  resources  from  the  public  domain." —  In  addition,  Section  28 

of  the  Federal  Power  Act  provides  that  no  amendment  thereto  shall  affect 

any  license  theretofore  issued  under  the  Federal  Power  Act,  or  the  rights 

82/ 

of  any  licensee  thereunder. —  Under  Section  6  of  the  Federal  Power  Act 
the  terms  of  any  license  may  not  be  altered  by  the  FPC  without  the 
licensee's  consent.  These  provisions  are  incorporated  in  the  Federal 
Power  Act  to  give  the  necessary  security  to  the  capital  invested  in  non- 
Federal  hydro  projects.-— ^  Of  course,  PAS NY  has  incurred  a  substantial 
debt  and  made  a  corresponding  investment  in  the  project  on  the  strength 
of  the  foregoing  statutory  safeguards.  Therefore,  PASNY  cannot  consent 
to  any  diminution  of  its  rights  as  a  licensee  without  obtaining  adequate 
provision  for  compensation. 

PASNY  recognizes  that  the  Federal  Power  Act  and  its  FPC  license 
subject  it  to  reasonable  regulations  in  the  interest  of  promoting  and 
protecting  navigation  and  other  beneficial  public  uses  of  the  waterway.— ^ 
For  example,  Article  10  of  PASNY's  license  states  that  whenever  the 
United  States  desires  to  construct  navigation  facilities  in  connection 
with  the  project,  PASNY  shall  convey  to  the  United  States  such  lands 
and  rights  of  passage  through  its  dam  or  other  structures  and  permit  such 


8Jj_/  Udall  v.  FPC  387  U.S.  428,  450  (1967);  Municipal  Electric  Assn  of  Mass. 

v.  FPC  414  F. 2d  1206,  1207  (D.C.  Cir.  1969). 

82/  See  16  U.S.C.  §822;  Scenic  Hudson  Preservation  Conf.  v.  Callaway  370 
F.  Supp.  162  (1973),  Aff'd  499  F.2d  127  (2d  Cir.  1974). 

83/  Iowa  Hydro-Electric  v.  FPC  328  U.S.  152,  179-181,  66  S.Ct.  906, 
918-920,  n.  23  and  24  (1946). 

34/  See  16  U.S.C.  §811;  12  FPC  at  188-189. 
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control  of  pools  as  may  be  required  to  complete  such  navigation 
facilities.  However,  this  obligation  must  be  interpreted  consistent 
with  the  remaining  articles  and  provisions  of  PASNY's  license  and  the 
Federal  Power  Act.  Thus,  the  control  of  pools  is  also  subject  to 
Article  19  of  the  license  which  requires  compliance  with  the  IJC  Order 
of  Approval  and  consequently  the  IJC  plan  of  regulation  governing  flows 
and  levels.  Moreover,  no  alterations  to  the  project  under  Article  10 
can  be  effected  unless  the  FPC  is  able  to  find  that  the  project  as 
altered  would  remain  best  adapted  to  a  comprehensive  plan  for  development 
for  the  waterway  as  required  by  section  10(a)  of  the  Federal  Power  Act. 

PASNY  also  recognizes  that  uses  for  navigation  purposes  generally 

take  precedence  over  uses  for  power  purposes  under  Article  VIII  of  the 

Treaty.  Nevertheless,  it  is  a  matter  of  record  that  the  St.  Lawrence 

Power  Project  was  designed,  approved  and  constructed  on  the  assumption 

85  / 

that  a  stable  ice  cover  would  be  formed  each  winter. —  In  view  of  its 
extensive  experience  PASNY  remains  unconvinced  that  a  stable  ice  cover 
can  be  established  and  maintained  while  navigation  continues  beyond  the 
critical  ice-forming  period.  Under  these  circumstances  it  should  be 
obvious  that  the  IJC  Order  of  Approval  has  established  a  reasonable 
balance  among  the  uses  of  the  river  which  is  consistent  with  the  order 
of  precedence  in  the  Treaty  and  which  presently  excludes  winter  navigation. 


85/  See  International  St.  Lawrence  River  Board  of  Control,  Operations 
Advisory  Group,  Report  on  the  Timing  of  Power  Entities'  Ice  Boom 
Installation  and  Removal  2  (1970);  International  Joint  Commission 
Order  of  Approval  at  3  (October  29,  1952);  U.S.  Army  Corps  of 
Engineers,  Final  Report,  St.  Lawrence  River  Project,  Appendix  A-2 
at  34-35  (1942);  Report  of  Joint  Board  of  Engineers  on  St.  Lawrence 
Waterway  Project  248  (1926). 
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Moreover,  the  FPC  has  found  that  the  project  as  constructed,  operated 
and  maintained  is  best  adapted  to  a  comprehensive  plan  of  development 
for  the  waterway  in  accordance  with  section  10(a)  of  the  Federal  Power 
Act  for  all  beneficial  public  uses,  including  navigation  and  power. 

Relying  on  the  IJC  approval  and  the  FPC  finding,  which  was  required  as  a 
matter  of  law  to  be  made  before  the  FPC  license  could  be  issued,  PASNY 
made  a  substantial  investment  to  develop  the  project  and  thus  carry  out 
the  balance  struck  by  the  IJC  and  FPC.  An  alteration  of  the  established 
balance  to  permit  an  extension  of  the  navigation  season  would  be  in 
accordance  with  domestic  law  only  if  the  FPC  is  able  to  find  that  the 
project  as  altered  would  continue  to  meet  the  comprehensive  plan  test 
of  section  10(a)  of  the  Federal  Power  Act.  PASNY  believes  that  such 
alteration  would  have  to  be  conditioned  upon  adequate  compensation  to 
PASNY  for  any  injury  to  its  substantial  power  interest  and  further 
conditioned  to  relieve  it  of  potential  liability  in  order  to  meet  this 
requirement.  Furthermore,  such  alteration  would  be  in  accordance  with 
international  law  only  if  the  IJC  could  condition  its  approval  thereof 
upon  provision  of  suitable  and  adequate  protection  and  indemnity  for 
PASNY' s  substantial  power  interest  pursuant  to  Article  VIII  of  the  Treaty. 
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2.  Position  of  Navigation 


Navigation  interests  believe  that  sufficient  authority  already 
exists  to  conduct  the  season  extension  demonstration  program  activities 
in  the  St.  Lawrence  River.  There  is  no  rational  basis  nor  legal  precedent 
for  differentiating  between  "navigation"  and  "winter  navigation."  It  is 
the  opinion  of  navigation  interests  that  since  the  various  statutes, 
licenses  and  permits  under  which  PASNY  lias  constructed  and  now  operates 
its  St.  Lawrence  River  facilities  all  require  that  PASNY  operate  those 
facilities  in  the  manner  most  conducive  to  the  needs  of  navigation,  it  is 
incumbent  upon  PASNY  to  accommodate  wintf-  navigation.  This  is  corroborated 
by  the  fact  that  the  licenses  and  permits  speak  in  terms  of  the  future  needs 
of  the  Government  for  navigation  as  well  as  those  recognized  at  the  tine 
the  project  was  undertaken. 

The  first  relevant  authority  dealing  with  PASNY's  responsibilities  is 

86/ 

its  own  enabling  legislation.  That  statute  begins  with  a  declaration  of 
policy  which  states  that  "those  parts  of  the  St.  Lawrence  and  Niagara 
rivers  within  the  boundaries  of  the  state  of  New  York  are  hereby  declared 
to  be  natural  resources  of  the  state  for  the  use  and  development  of  commerce 
and  navigation  in  the  interest  of  the  people  of  the  state  and  the  United 
States,"  87/  The  declaration  of  policy  also  states  that  "a  continuous  and 
adequate  supply  of  dependable  electric  power  and  energy  is  a  matter  of  public 
concern  to  the  people  of  the  state."  88/  To  effectuate  this  policy  the  Power 
Authority  of  the  State  of  New  York  was  created  and  given  the  authority  to 


L 


86/  Power  Authority  Act  of  New  York,  L  1939,  c  870,  eff.  June  15,  1939. 

87/  id. 

88/  Id. 

( 
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proceed,  in  cooperation  with  appropriate  Canadian  and  U.S.  Authorities, 
with  the  improvement  and  development  of  the  St.  Lawrence  River  for  the 
aid  and  benefit  of  commerce  and  navigation  and  the  development  of  hydro¬ 
electric  power  inherent  therein.  22/ 

Specifically  the  New  York  statute  directs  PASNY  to: 

"...cooperate  with  the  appropriate  agencies  and  officials  of 
the  United  States  government  to  the  end  that  any  hydroelectric 
project  on  the  Niagara  or  St.  Lawrence  rivers  undertaken  under 
this  title  shall  be  consistent  with  and  in  aid  of  any  plans  of 
the  United  States  for  the  improvement  of  commerce  and  naviga¬ 
tion  along  such  rivers  and  shall  be  so  planned  and  constructed 
as  to  be  adaptable  to  the  plans  of  the  United  States  thereof, 
so  that  the  necessary  channels,  locks,  canals  and  other  naviga¬ 
tional  facilities  tray  be  constructed  and  installed  by  the  United 
States,  in,  through,  and  as  part  of  projects."  22' 

The  Power  Authority  Act  also  contains  the  state's  consent  to  PASNY's 
exercise  and  use  of  any  and  all  of  the  state's  proprietary  and  sovereign 
rights  and  powers  on  the  St.  Lawrence  River  provided  that  "such  consent... 
shall  not  permit  the  impairment  or  limit  or  prevent  the  future  improvement 
of  the  navigability  of  the  St.  Lawrence  River,  consistent  with  the  mainte¬ 
nance  of  such  projects,  but  on  the  contrary  the  projects  shall  be  such 
as  will  improve  and  benefit  commerce  and  navigation  therein."  21/ 

It  is  apparent  from  the  foregoing  that  the  legislature  of  the  State 
of  New  York  realized  that  the  hydroelectric  potential  of  the  St.  Lawrence 
could  be  developed  in  a  manner  which  would  preclude  its  future  improvement 
for  navigation  and  wanted  to  assure  that  that  did  not  happen. 


89/ 

Id .  at 

1005. 

90/ 

JaT.  at 

1005  (1) 

91/ 

Id.  at 

1008. 

The  New  York  statute  also  directs  PASNY  to  apply  to  appropriate 
agencies  of  the  United  States  Government,  including  the  FPC,  and  the  IJC 
for  such  licenses,  permits  or  approvals  as  it  feels  may  be  necessary  and 
to  accept  such  licenses,  permits  and  approvals  upon  such  terms  and  conditions 
as  PASNY  deems  appropriate,  with  the  express  proviso  that  this  apparently 
discretionary  authority  is  not  to  be  construed  as  limiting  the  power  of  the 
Power  Authority  to  accept  licenses  issued  by  the  Federal  Power  Commission 
pursuant  to  the  Federal  Power  Act,  as  amended,  and  the  terms  and  conditions 
therein  imposed  pursuant  to  law.  92/ 

The  conditons  imposed  on  the  St.  Lawrence  River  project  by  such 
licenses,  permits  and  approvals  are  reinforced  by  PASNY' s  enabling  legis¬ 
lation.  This  means  that  PASNY's  bondholders  and  its  customers  entered 
into  their  respective  dealings  with  PASNY  subject  to  all  the  conditions, 
provisos,  and  limitations  contained  in  PASNY's  licenses,  permits,  and 
approvals.  To  the  extent  these  require  PASNY  to  provide  for  and  accom¬ 
modate  the  future  requirements  of  navigation,  PASNY  has  available  with 
respect  to  third  parties  the  defense  of  constructive,  if  not  actual, 
notice  of  prior  conditions  Imposed  by  law  should  it  be  sued  for  breach 
of  contract  or  for  default  of  an  obligation. 

Turning  now  to  the  actual  Federal  power  licensing  process,  the  Federal 
Government,  by  virtue  of  its  constitutional  power  to  regulate  interstate  and 

foreign  commerce,  lias  paramount  control  of  all  the  navigable  waters  of  the 
93/ 

United  States. —  Pursuant  to  t  his  constitutional  power,  Congress  passed  the 

94/ 

Federal  Water  Power  Act  in  1920. —  By  this  Act  Congress  created  the  Federal 


92/  Id.  at  1005 

93/  U . S .  v.  Appalachian  Electric.  Power  Co.  311  U.S.  377,  61  S.  Ct.  291  (1940) 
94/  16  U.S. C.  §  791  et  seq. 
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Power  Commission  which  is  authorized  and  empowered  to  issue  licenses 
for  the  construction  of  project  works  across,  along,  or  in  navigable 
waters  of  the  United  States. 

The  Federal  Power  Act  empowers  the  FPC  to  condition  issuance  of  a 
license  upon  construction  by  the  licensee  of  structures  for  navigation 

95/ 

purposes  consistent  with  a  reasonable  investment  cost  to  the  licensee. 

When  such  navigation  structures  are  not  part  of  the  original  construction, 

the  FPC  may  also  condition  issuance  of  the  license  upon  agreement  by  the 

licensee  to  convey  lands,  rights-of-way  and  rights  of  passage  through  its 

96/ 

structures  as  needed  for  the  completion  of  such  navigation  facilities. 

As  a  FPC  licensee,  PASNY  is  required  to  adhere  to  the  conditions  of 

97/ 

its  license  which  was  issued  on  July  15,  1953.  Article  10  thereof 
provides : 

Whenever  the  United  States  shall  desire  to  construct,  complete, 
or  improve  navigation  facilities  in  connection  with  the  project, 
the  licensee  shall  convey  to  the  United  States,  free  of  cost, 
such  of  its  land  and  its  rights-of-way  and  such  right  of  passage 
through  its  dam  or  other  structures,  and  permit  such  control  of 
pools  as  may  be  required  to  complete  and  maintain  such  navigation 
facilities.  98/ 

This  condition  in  the  PASNY  license  pertains  to  the  improvement  of 
navigation  facilities  as  well  as  to  their  original  construction.  It  remains 
an  effective  condition  of  PASNY's  license  and  would  appear  to  compel  not 
only  PASNY's  cooperation  with  the  efforts  to  extend  the  navigation  season 
but  its  financial  participation  in  such  efforts  as  well. 


95/  16  U.S.C.  804(a). 

9 §J  16  U.S.C.  804(b). 
2 77  16  U.S.C.  799. 

98/  12  F.P.C.  188. 
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The  next  authority  which  establishes  PASNY’s  responsibility  to 
cooperate  with  efforts  to  extend  the  navigation  season  is  the  Boundary 
Waters  Treaty  of  1909.  Inasmuch  as  the  U.S. -Canada  border  follows  the 
International  Rapids  Section  of  the  St.  Lawrence  River,  the  development 
of  that  section  for  power  required  appropriate  international  approval 
as  well  as  approval  of  the  State  of  New  York  and  the  Federal  government 
through  the  FPC. 

The  Boundary  Waters  Treaty  of  1909  is  the  basic  cornerstone  of  the 
legal  framework  governing  the  boundary  waters  between  the  United  States 
and  Canada.  Its  purpose  is  the  prevention  of  disputes  between  the 
United  States  and  Canada  by  appropriate  regulation  of  the  boundary  waters. 
These  boundary  waters  are  defined  in  the  Preliminary  Article  of  the  Treaty 
as  "the  waters  from  main  shore  to  main  shore  of  the  lake  and  river  connec¬ 
ting  waterways,  or  portion  thereof,  along  the  international  boundary..."  99/ 
Article  III  of  the  Treaty  states  the  conditions  for  any  use  in  the 
boundary  waters  which  affect  the  natural  level  or  flow  on  the  other  side. 

"It  is  agreed  that,  in  addition  to  the  uses,  obstructions 
and  diversions  heretofore  permitted  or  hereafter  provided  for 
by  special  agreement  between  the  Parties  hereto,  no  further  or 
other  uses  or  obstructions  or  diversions,  whether  temporary  or 
permanent,  of  boundary  waters  on  either  side  of  the  line, 
affecting  the  natural  level  or  flow  of  boundary  waters  on  the 
other  side  of  the  line  shall  be  made  except  by  authority  of  the 
United  States  or  the  Dominion  of  Canada  within  their  respective 
jurisdictions  and  with  the  approval,  as  hereinafter  provided, 
of  a  joint  commission,  to  be  known  as  the  international  Joint 
Commission."  100/ 


99/  36  Stat.  (Part  2)  2448,  12  Bevans  319. 

100/  Id. 
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Article  VIII  of  the  Treaty  provides  the  applicable  rules  or 
principles  to  be  used  by  the  IJC  when  it  considers  an  application  for 
approval  of  a  use,  diversion,  or  obstruction  under  Article  III. 

Article  VIII  provides  an  order  of  precedence  for  giving  preference 
to  conflicting  uses: 

"The  following  order  of  precedence  shall  be  observed 
among  the  various  uses  enumerated  hereinafter  for  these  waters, 
and  no  use  shall  be  permitted  which  tends  materially  to  con¬ 
flict  with  or  restrain  any  other  use  which  is  given  preference 
over  it  in  this  order  of  precedence: 

(1)  Uses  for  domestic  and  sanitary  purposes; 

(2)  Uses  for  navigation,  including  the  service  of  canals 
for  the  purposes  of  navigation; 

(3)  Uses  for  power  and  for  irrigation  purposes."  101/ 

Pursuant  to  the  Boundary  Waters  Treaty  and  in  accordance  with  the 
requirements  set  forth  in  Article  VIII,  the  IJC  issued  its  Order  of 
Approval  for  the  power  project  in  the  International  Section  of  the 
St.  Lawrence  River  on  October  29,  1952.  Navigation  interests  believe 
that  there  is  no  indication  that  in  issuing  its  Order,  the  IJC  ignored 
Article  VIII  of  the  Treaty  and  attempted  to  balance  conflicting  uses  of 
the  St.  Lawrence  River.  Rathe?:,  the  IJC  recogniEes  and  preserves  the 
superior  rights  of  navigation.  Particularly,  provision  (b)  of  the  Order 
states : 

"The  works  shall  be  so  planned,  located,  constructed, 
maintained  and  operated  as  not  to  conflict  with  or  restrain 
uses  of  the  waters  of  the  St.  Lawrence  River  for  purposes 
given  preference  over  uses  of  water  for  power  purposes  by 
the  Treaty,  namely,  uses  for  domestic  and  sanitary  purposes 
and  uses  for  navigation,  and  shall  be  so  planned,  located, 
constructed,  maintained  and  operated  as  to  give  effect  to 
the  provisions  of  this  Order." 


101/  Id. 
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The  above  mentioned  authorities  apply  to  the  power  works  as  a 
whole.  However,  with  respect  to  the  ice  booms  in  particular,  there 
are  additional  authorities. 

As  early  as  1926,  the  possibility  of  employing  ice  booms  to  create 
an  ice  cover  on  the  St.  Lawrence  River  was  considered.  102/  Nevertheless, 
neither  the  IJC  Order  of  Approval  nor  the  FPC  license  contemplated  the 
annual  installation  of  ice  booms  as  part  of  the  power  works. 

In  1959,  the  power  entities  determined  that  ice  booms  would  afford 

the  best  solution  to  the  problem  encountered  during  the  winter  of  1958-59 

with  respect  to  maintaining  a  stable  ice  cover  in  the  St.  Lawrence  River. 

Upon  application  by  the  power  entities,  the  Joint  Board  of  Engineers  103/ 

gave  its  approval  on  September  1,  1959,  to  the  installation  of  certain  ice 

booms,  subject  to  several  provisions.  Most  significant  of  these  provisions 

from  the  standpoint  of  navigation  is  that  identified  as  paragraph  4: 

"The  placement  and  removal  of  ice  booms  shall  be  timed 
so  as  not  to  interfere  with  the  requirement  of  naviga¬ 
tion  and  the  St.  Lawrence  Seaway  Authority,  and  the 
St.  Lawrence  Seaway  Development  Corporation  shall  be 
kept  informed  of  all  such  operations." 

PASNY  also  sought  and  obtained  a  permit  from  the  Corps  of  Engineers 
for  the  placement  of  an  obstruction  in  the  navigable  waters  of  the  United 
States  under  the  River  and  Harbor  Act  of  1899.  104/  This  permit  was 
granted  to  "place  an  ice  boom  during  the  non-navigation  season  at... 
locations  in  United  States  waters  of  the  St.  Lawrence  River"  subject  to 


102/  Report  of  the  Joint  Board  of  Engineers,  November  1926. 

103/  Despite  the  similarity  of  names,  this  was  a  different  Joint  Board 

of  Engineers  from  that  which  submitted  the  1926  Report.  This  latter 
Joint  Board  was  established  by  the  two  governments  for  the  purpose  of 
reviewing,  coordinating,  and  approving  the  plans  and  specifications  of 
the  power  works  approved  by  the  IJC  in  its  Docket  No.  63  and  the  con¬ 
struction  program  for  those  works. 

104/  33  U.S.C.  §  403. 
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conditions.  The  condition  preserving  the  rights  of  navigation  is 

particularly  noteworthy  because  the  future  requirements  of  the  United 

States  are  specifically  dealt  with: 

"(f)  That  if  future  operations  by  the  United  States  require 
an  alteration  in  the  position  of  the  structure  or  work  herein 
authorized,  or  if,  in  the  opinion  of  the  Secretary  of  the  Army, 
it  shall  cause  unreasonable  obstruction  to  the  free  navigation 
of  said  water,  the  owner  will  be  required  upon  due  notice  from 
the  Secretary  of  the  Army,  to  remove  or  alter  the  structural 
work  or  obstructions  caused  thereby  without  expense  to  the  United 
States,  so  as  to  render  navigation  reasonably  free,  easy,  and 
unobstructed;  and  if,  upon  the  expiration  or  revocation  of  this 
permit,  the  structure,  fill,  excavation,  or  other  modification 
of  the  watercourse  hereby  authorized  shall  not  be  completed,  the 
owners  shall,  without  expense  to  the  United  States,  and  to  such 
extent  and  in  such  time  and  manner  as  the  Secretary  of  the  Army 
may  require,  remove  all  or  any  portion  of  the  uncompleted  struc¬ 
ture  or  fill  and  restore  to  its  former  condition  the  navigable 
capacity  of  the  watercourse.  No  claim  shall  be  made  against  the 
United  States  on  account  of  any  such  removal  or  alteration.  105/ 

On  the  basis  of  these  authorities  PASNY  has,  since  1959,  closed  the 

ice  booms  each  winter  and  removed  them  each  spring. 

In  1964,  the  St.  Lawrence  River  Joint  Board  of  Engineers  was  formally 

dissolved.  This  jurisdictional  void  presented  no  problem  until  it  became 

apparent  that  the  season  extension  effort  would  require  an  alteration  of 

the  annual  ice  boom  routine.  On  January  14,  1974,  the  IJC  formally  took 

notice  of  the  ice  booms  and  stated  that  the  ice  booms  were  to  be  considered 

works  subject  to  the  1952  Order  of  Approval.  The  United  States  and  Canada 

concurred  in  this  determination.  Also,  in  the  letter  of  August  5,  1974,  to 

the  IJC  in  which  the  United  States,  speaking  through  the  Department  of  State, 

concurred  in  the  determination  that  the  ice  booms  were  project  works  subject 

to  the  1952  Order  of  Approval,  it  is  stated  that  the  rights  of  navigation 

established  by  the  Order  are  to  be  reserved. 


105/  Department  of  Array  Permit  dated  December  22,  1959. 
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"The  United  States  Government  has  carefully  examined  the 
implications  of  the  Commission’s  request  for  the  assumption 
of  jurisdiction  and  is  of  the  opinion  that  the  Commission 
has  the  authority  to  exercise  such  jurisdiction.  The  United 
States  Government  wishes  to  note,  however,  that  in  the  exer¬ 
cise  of  jurisdiction  the  commission  is  subject  to  the  order 
of  precedence  established  by  the  Boundary  Waters  Treaty  of 
1909  and  that:  (a)  such  jurisdiction  is  subject  to  the 
express  reservations  contained  in  the  United  States  Applica¬ 
tion  of  the  Commission  of  June  30,  1952,  and  in  particular. 

Sections  12,  13,  and  14  of  that  application,  (b)  the  approval 
of  assumption  of  jurisdiction  over  the  international  aspects 
of  the  subject  ice  booms  does  not  abrogate  or  supersede  the 
authority  of  the  Secretary  of  the  Army  to  prevent  the  obstruc¬ 
tion  of  the  navigable  waters  of  the  United  States  under  33 
USC  403.  The  ice  booms  and  their  operation  shall  remain 
subject  to  the  Department  of  the  Army  permits  authorizing 
their  placement,  (c)  Further,  in  accordance  with  your  letter 
of  January  28,  the  United  States  will  regard  the  approvals  of 
the  International  St.  Lawrence  Joint  Board  of  Engineers  on 
August  4,  1960,  as  an  approval  given  by  the  Commission." 

The  authorities  described  above  clearly  express  an  intention  to  give 
navigation  superior  rights  over  power.  Furthermore,  several  of  the 
authorities  express  the  intention  to  reserve  the  right  to  require  modi¬ 
fication  of  power  works  in  the  future  in  accordance  with  the  developing 
needs  of  navigation.  In  view  of  these  authorities,  it  would  appear  that 
modification  of  the  ice  booms  presently  installed  by  PASNY  and  Ontario- 
Hydro  can  be  required  to  meet  the  needs  of  an  extended  navigation  season 
in  the  St.  Lawrence  River. 
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3.  Concluding  Comments  of  the  Chairman  of  the  Legal  Committee 


( 

In  the  preparation  of  this  appendix,  the  Legal  Committee  has  sought 
to  bring  to  the  attention  of  the  Winter  Navigation  Board  the  concerns 
which  the  Board  may  in  turn  wish  to  present  to  Congress.  In  so  doing, 
the  Power  Authority  of  the  State  of  New  York  has  been  invited  to  present 
its  views  regarding  potential  impacts  of  an  extended  navigation  season  in 
the  International  Section  of  the  Saint  Lawrence  River,  albeit  with  some 
editorial  restraints  in  keeping  with  the  constraints  imposed  by  available 
space.  The  same  prerogative  has  been  granted  to  and  utilized  by  the 
Sai-.it  Lawrence  Seaway  Development  Corporation. 

The  Committee  has  been  unable  to  achieve  a  consensus  on  a  detailed 
legal  position  although  it  has  met  several  times,  and  certain  members  have 
worked  very  extensively  on  this  legal  appendix.  There  are  differences  of 
opinion  on  several  legal  issues  discussed  in  the  repo.t  and  there  is  dis¬ 
agreement  as  to  the  conclusions.  However,  there  is  m  unanimous  consensus 
on  the  goal,  which  is  to  highlight  the  legal  questiors  or  problems. 

In  view  of  the  diversity  of  interest  involved,  the  Chairman  of  the 
Legal  Committee  has  seen  fit  to  set  forth  certain  personal  conclusions 
which  are  believed  to  be  less  partisan  and  which,  hopefully,  follow  logically 
from  the  historical  presentation  contained  in  Section  111,  supra: 

1.  In  the  absence  of  explicit  Congressional  indication  to  the 
contrary,  the  provisions  expressed  in  the  Boundary  Waters  Treaty  take 
precedence  over  domestic  law. 

2.  Subject  to  the  reservations  preserved  by  the  United  States,  it 
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is  considered  that  modification  of  the  ice  booms  in  the  International 
Section  of  the  Saint  Lawrence  River  is  subject  to  the  approval  of  the 
International  Joint  Commission.  However,  it  is  noted  that  a  special 
agreement  by  Canada  and  the  United  States  would  obviate  the  need  for 
Commission  approval. 

3.  To  the  extent  that  PASNY's  permitted  authority  to  operate  the 
ice  booms  impacts  on  United  States  waters,  PASNY  is  subject  to  the 
authority  of  the  Secretary  of  the  Army. 

4.  The  license  granted  to  PASNY  by  the  Federal  Power  Commission 
contains  reservations  in  the  interest  of  navigation.  The  Order  of 
Approval  of  the  International  Joint  Conmiission,  dated  1952,  contains 
reservations  in  the  interest  of  navigation.  The  statute  that  created 
the  power  project  in  the  Saint  Lawrence  River  provides  for  the  interests 
of  navigation.  It  is  believed  that  these  various  authorities  sufficiently 
establish  the  proposition  that  the  present  power  works  in  the  Saint 
Lawrence  River  can  be  required  to  adapt  to  an  extended  navigation  season. 

5.  The  issues  of  responsibility  for  the  ice  booms  and  regulation 
of  the  ice  control  system  during  an  extended  navigation  season  remain  to 
be  resolved.  Insufficient  legal  precedent  exists  to  determine  the  exact 
resolution  of  these  issues.  Because  it  is  believed  that  the  IJC  was 
created  by  the  Treaty  as  a  vehicle  to  prevent  or  resolve  disputes,  it  is 
the  opinion  of  the  Chairman  of  the  Legal  Committee  that  resolution  of  these 
issues  should  be  made  by  the  IJC.  Hearings  by  the  IJC  would  create  the 
proper  forum  for  the  advocacy  which  the  members  of  the  Legal  Committee  ably 
expressed  and  should  aid  the  IJC  in  resolving  the  various  remaining  issues. 
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V. 


Respectfully  submitted, 


Q&. 


tL. 


FREDERICK  A.  BUSH 
General  Counsel 
Salat  Lawrence  Seaway 
Development  Corporation 


BRUCE  C.  McLEAN 
Counsel 

Power  Authority  of  the  State 
of  New  York 


A-v*<^aL. 

JpHN  A.  Me  WILLIAM 
eneral  Manager 
Toledo  -  Lucas  County 
Port  Authority 


ARTHUR  ERNSTEIN,  Chairman 
Division  Counsel 
North  Central  Division 
U.S.  Army  Corps  of  Engineers 


J— 5 1 


ATTACHMENT  A  TO  APPENDIX  J 


WINTER  NAVIGATION  ON  THE  GREAT  LAKES 
AND  ST.  LAWRENCE  RIVER 


SUBMITTED  TO  THE  LEGAL  COMMITTEE  OF  THE 
WINTER  NAVIGATION  BOARD 
BY  THE  POWER  AUTHORITY  OF  THE 
STATE  OF  NEW  YORK 


10  SEPTEMBER  1975 


MEMORANDUM 


TO:  LEGAL  COMMITTEE  OF  THE  WINTER  NAVIGATION  BOARD 

FROM:  POWER  AUTHORITY  OF  THE  STATE  OF  NEW  YORK 

DATE:  SEPTEMBER  10,  1975 

RE:  WINTER  NAVIGATION  ON  THE  GREAT  LAKES  AND 

ST.  LAWRENCE  RIVER 


INTRODUCTION 


Power  Authority  of  the  State  of  New  York  (Power 
Authority)  hereby  submits  its  final  statement  on  the  legal 
implications  of  the  Winter  Navigation  Demonstration  Program 
for  the  Great  Lakes  and  St.  Lawrence  River  as  authorized  in 
section  107(b)  of  Public  Law  91-611  1/  as  that  program 
relates  to  Power  Authority's  St.  Lawrence  Hydroelectric 
Project  (Project  No.  2000).  This  statement  presents  the 
highlights  of  the  legal  history  of  the  Power  Authority's  St. 
Lawrence  Hydroelectric  Project  and  delineates  the  salient 
legal  problems  raised  by  the  program  to  demonstrate  winter 
navigation  on  the  river.  In  addition,  suggested  solutions 
are  presented  to  the  extent  practicable.  A  short  summary  of 
this  memorandum  is  also  attached  hereto  as  an  Inclosure. 

Power  Authority’s  preliminary  statement  on  the 
legal  implications  of  the  Winter  Navigation  Demonstration 
Program  was  previously  submitted  to  the  Legal  Advisory  Com¬ 
mittee  in  the  form  of  a  draft  memorandum  dated  April  1,  1975. 
A  separate  draft  summary  and  conclusions  was  also  submitted. 
Only  minor  revisions  to  that  preliminary  statement  have  been 
made  in  preparing  this  final  statement. 


1/  Rivers  and  Harbors,  Flood  Control  Acts  of  1970,  84 

Stat.  1818  (Dec.  31,  1970);  as  amended  by  §  70  of  Public 
Law  No.  93-251,  88  Stat.  12  (March  7,  1974). 
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LEGAL  HISTORY 


Although  international  agreements  and  treaties 
between  the  United  States  and  Canada  governing  the  naviga¬ 
tion  and  utilization  of  the  Great  Lakes,  and  St.  Lawrence 
River  go  back  as  far  as  1854,  2/  the  first  important  inter¬ 
national  legal  document  for  the  purpose  of  evaluating  the 
unilateral,  United  States  winter  navigation  demonstration 
program  is  the  1909  Convention  Concerning  the  Boundary 
Waters  Between  the  United  States  and  Canada.  3/  The 
purpose  of  this  Treaty  is  to  prevent  disputes  regarding  the 
use  of  boundary  waters  such  as  the  St.  Lawrence  River  and  to 
establish  a  mechanism  to  provide  for  the  adjustment  and 
settlement  of  all  questions  regarding  the  use  of  boundary 
waters  arising  in  the  future.  The  mechanism  established  is, 
of  course,  the  International  Joint  Commission  (IJC) ,  which 
presently  has  jurisdiction  to  approve  all  further  or  other 
uses  or  obstructions  or  diversions  of  boundary  waters  such 
as  the  St.  Lawrence  River  affecting  the  natural  level  or 
flow  therein.  Under  Article  VIII  the  IJC  is  required  to 
condition  its  approval  in  cases  involving  the  elevation  of 
the  natural  level  of  boundary  waters  upon  adequate  provisions 
for  the  protection  and  indemnity  of  all  interests  which  may 
be  injured  thereby.  Article  VIII  also  establishes  an  order 
of  precedence  which  must  be  observed  among  the  various  uses 
of  boundary  waters  as  follows: 

"(1)  Uses  for  domestic  and  sanitary  purposes; 

(2)  Uses  for  navigation,  including  the  service 
of  canals  for  the  purposes  of  navigation; 

(3)  Uses  for  power  and  for  irrigation  purposes." 

In  1931  the  Legislature  of  the  State  of  New  York 
created  the  Power  Authority  to  effectuate  its  declared 
policy  of  developing  the  natural  resources  inherent  in  the 
St.  Lawrence  River  for  the  use  of  commerce  and  navigation  in 
the  interest  of  the  people  of  the  State  of  New  York  and  the 


2/  See  Reciprocal  Treaty  of  1854;  Treaty  of  Washington 

Between  Great  Britain  and  the  United  States,  May  8,  1971 

3/  36  Stat.  2448;  T.S.  548;  III  Redmond  2607;  S.  Doc.  No. 

348  at  2607,  67th  Cong.,  1st  Sess.  (1923). 


United  States.  4/  The  New  York  Legislature,  however, 
clearly  recognized  the  international  nature  of  the  St. 

Lawrence  River  since  the  Power  Authority  was  directed  to 
proceed  with  the  improvement  and  development  of  the  St. 
Lawrence  River  in  cooperation  with  the  proper  Canadian 
at?thorities  and  was  authorized  and  directed  to  apply  to  the 
appropriate  agencies  of  the  United  States  and  Canada,  in¬ 
cluding  the  Federal  Power  Commission  (FPC)  and  the  IJC,  for 
such  licenses,  permits  or  approval  as  it  deemed  necessary  or 
advisable.  5/ 

After  years  of  extensive  engineering  and  economic 
analysis,  6/  the  Governments  of  Canada  and  the  United  States 
submitted  applications  to  the  IJC  for  approval  of  the  con¬ 
struction  by  entities  to  be  designated  by  the  respective 
Governments  of  certain  works  for  the  development  of  power  in 
the  International  Rapids  Section  of  the  St.  Lawrence  River. 
Pursuant  to  the  terms  of  the  1909  Treaty,  the  IJC  issued  its 
Order  of  Approval  on  October  29,  1952,  approving  the  construc¬ 
tion,  maintenance,  and  operation  of  certain  works  jointly  by 
the  Hydro-Electric  Power  Commission  of  Ontario  (Ontario 
Hydro)  and  an  entity  to  be  designated  by  the  Government  of 
the  United  States  in  accordance  with  the  1942  Final  Report 
of  the  Corps  of  Engineers  on  the  "Controlled  Single  Stage 
Project  (238-242).  The  IJC  Order  also  approved,  in  accor¬ 
dance  with  the  joint  application,  the  establishment  by  the 
Governments  of  Canada  and  the  United  States  of  a  St.  Lawrence 
River  Joint  Board  of  Engineers  to  review  and,  if  authorized 
by  both  Governments,  approve  the  plans  and  specifications  of 
the  works  and  the  programs  of  construction  thereof  and  to 
assure  that  the  construction  of  the  works  was  in  accordance 
therewith.  In  addition,  the  IJC  Order  established  an  Inter¬ 
national  St.  Lawrence  River  Board  of  Control  to  insure 
compliance  with  the  provisions  of  the  Order  relating  to 
water  levels  and  the  regulation  of  the  discharge  of  water 
from  Lake  Ontario  and  the  flow  of  water  through  the  Inter¬ 
national  Rapids  Section,  In  pertinent  part  the  IJC  condi¬ 
tioned  its  approval  as  follows:  (1)  all  interests  on  either 


4/  Power  Authority  Act  §1001;  Ch.  772,  Laws  of  New  York, 
1931,  Approved  April  27,  1931. 

5/  Id.  §1005(3). 

6/  See,  e. g.  ,  U.  S.  Army  Corps  of  Engineers,  Final  Report, 
St.  Lawrence  River  Project  (1942);  Report  of  the  Joint 
Board  of  Engineers  on  St.  Lawrence  Waterway  Project 
(Nov.  16,  1926). 
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side  of  the  International  Boundary  injured  by  reason  of 
maintenance  and  operation  of  the  works  must  be  given  suit¬ 
able  and  adequate  protection  and  indemnity  in  accordance 
with  the  laws  of  Canada  or  the  laws  of  the  United  States, 
and  the  1909  Treaty;  (2)  the  works  must  be  maintained  and 
operated  so  as  not  to  conflict  with  or  restrain  uses  of  the 
waters  of  the  St.  Lawrence  River  for  purposes  given  prefer¬ 
ence  over  uses  of  water  for  power  purposes  by  the  Treaty, 
including  uses  for  domestic  and  sanitary  purposes;  (3)  the 
works  must  be  maintained  and  operated  in  such  manner  as  to 
safeguard  the  rights  and  lawful  interests  of  others  engaged 
in  the  development  of  power  in  the  St.  Lawrence  River  below 
the  International  Rapids  Section;  and  (A)  the  works  must  be 
maintained  and  operated  so  as  to  safeguard  so  far  as  possible 
the  rights  of  all  interests  affected  by  the  levels  of  the 
St.  Lawrence  River  upstream  from  the  Iroquois  Dam  and  by  the 
levels  of  Lake  Ontario  and  the  lower  Niagara  River. 

The  1942  Final  Report  of  the  Corps  of  Engineers  on 
the  "Controlled  Single  Stage  Project  (238-242)"  demonstrates 
that  Project  No.  2000  was  designed  to  permit  formation  of  an 
ice  cover  and  accordingly  was  not  intended  to  accommodate 
navigation  during  winter  months.  It  provides: 

"34.  Ice  is  usually  present  on  the  St.  Lawrence 
River  from  about  the  middle  of  December  to  the  end 
of  March,  during  which  period  navigation  has  to  be 
suspended.  Although  this  ice  coverage  is  a  hinder- 
ance  to  navigation,  it  is  expected  to  be  an  advan¬ 
tage  to  power,  as  it  will  prevent  the  formation  of 
frazil  ice  in  the  area  which  it  covers  and  will 
also  prevent  floating  ice  from  reaching  the  power 
house  intake.  Any  reduction  in  frazil  and  floating 
ice  reaching  the  power  house  will  mean  much  less 
trouble  with  clogged  racks  and  turbine  passages, 
with  resulting  increased  power  generation. 
Experience  with  other  hydro-plants  in  this  latitude 
shows  that  considerable  expense  is  warranted  In 
maintaining  an  ice  cover  on  the  pool  in  the  winter 
time.  These  factors  undoubtedly  Influenced  the 
Joint  Committee  to  Include  In  its  1941  recommenda¬ 
tions  a  provision  that  constricted  sections  of 
the  channel  upstream  from  the  power  house  be 
enlarged  to  lower'  /inter  velocities  to  the  point 
where  an  ice  cover1  will  he  secured.  The  exact 
criterion  set  up  for  carrying  out  this  provision 
is  discussed  in  more  detail  in  Section  TV. 


"35.  The  basis  for  the  criterion  for  ice  cover 
was  a  study  made  by  the  Joint  Board  of  Engineers 
in  their  1926  report  (Appendix  E) .  This  board 
found  that  an  ice  cover,  or  bridge,  will  form 
completely  across  the  surface. of  a  channel  having 
an  average  velocity  of  less  than  1-1/4  to  1-1/2 
feet  per  second.  Floating  ice  and  slush  will  pack 
upstream  therefrom  against  an  average  velocity  of 
about  2-1/2  feet  per  second  before  the  floating 
slush  is  drawn  under  the  ice  cover  and  will  form 
downstream  with  velocities  up  to  about  2  feet  per 
second.  As  a  result  of  this  study,  it  was  con¬ 
cluded  that: 

a.  'Smooth  ice  covers  may  be  expected  to 
form  in  rivers  with  velocities  up  to  1.25 
feet  per  second  in  zero  weather  provided 
there  is  no  high  wind  preventing  such  action. ' 

b.  'Ice  covers  may  be  expected  to  pack 
upstream  up  to  a  velocity  of  2.25  feet  per 
second  without  danger  of  ice  going  under  the 
cover. ' 


These  findings  were  accepted  by  the  Joint  Committee 
in  their  1941  report  and  were  made  the 
the  present  design.  (See  Section  IV)  . v'  (Emphasis 
added) .  77 


Furthermore,  the  1926  Report  of  the  Joint  Board  of  Engineers 
on  the  St.  Lawrence  Waterway  Project  specifically  recognized 
that  in  addition  to  necessary  excavations  to  limit  current 
velocities,  ice  booms  could  also  be  required  to  induce  ice 
cover  formation.  That  Report  states: 

"69.  Between  Chimney  point  and  Butternut  island, 
the  ice  situation  is  now  variable.  During  some 
years  an  ice  sheet  forms  across  the  river,  in 
others  an  open  channel  leads  through  the  section, 
either  through  the  north  channel  or  through  the 
main  channel  on  the  south  of  Drummond  island. 

After  the  improvement  of  this  part  of  the  river 
has  been  completed,  conditions  should  be  more 


U.S.  Army  Corps  of  Engineers,  Final  Report,  St.  Lawrence 
River  Project,  Appendix  A-2  at  34-35  (1942). 
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favorable  for  the  formation  of  an  ice  sheet 
because  of  the  enlargement  to  be  made  at 
Chimney  point. 

"70.  It  is  proposed  to  deposit  some  of  the  waste 
rock  from  the  excavation  of  the  Chimney  Point 
Channel  to  form  artificial  islands  in  shoal  water 
at  the  sides  of  the  natural  channel  opposite 
Drummond  island,  in  order  to  assist  in  holding  the 
ice  sheet.  Booms  may  also  be  employed  to  form 
an  ice  cover  in  this  reach  at  the  start  of  winter. " 
(Emphasis  added).  8/ 

Subsequent  to  issuance  of  the  IJC  Order  of  Approval, 
the  FPC  issued  a  license  on  July  15,  1953,  9/  to  Power 
Authority  under  section  4(e)  of  the  Federal  Power  Act  10/ 
authorizing  construction,  maintenance  and  operation  of 
certain  power  facilities,  designated  as  Project  No.  2000,  in 
the  International  Rapids  Section  of  the  St.  Lawrence  River. 

In  its  opinion  accompanying  the  issuance  of  the  license  for 
Project  No.  2000,  the  FPC  recognized  that  Congress  had  pro¬ 
vided  the  legal  machinery  whereby  full  authority  for  con¬ 
struction  and  operation  would  be  secured  within  the  United 
States  through  both  the  Boundary  Waters  Treaty  of  1909  and 
the  Federal  Power  Act.  11/  The  FPC  expressly  found  that  the 
power  development  proposed  by  the  Power  Authority  was  predicated 
upon  the  1942  Final  Report  of  the  United  States  Army  Corps 
of  Engineers  on  the  St.  Lawrence  River  Project  referred  to 
above.  12/  The  FPC  ordered,  therefore,  that  the  license  be 
issued  subject  to  the  terms  and  conditions  of  the  Federal 
Power  Act  which  it  incorporated  by  reference  as  a  part  of 
the  license  and,  in  addition,  provided  in  Article  19  of  the 
license  that  in  the  design,  construction,  maintenance  and 
operation  of  the  project,  the  licensee  shall  comply  with  all 
applicable  provisions  and  requirements  of  the  IJC  Order  of 
Approval.  13/ 


8/  Report  of  Joint  Board  of  Engineers  on  St.  Lawrence 
Waterway  Project  at  248  (November  16,  1926). 

9/  12  FPC  172  (1953). 

10/  16  U.S.C.  §  797(e)  (1974). 

11/  12  FPC  172,  176  (1953). 

12/  Id.  at  180. 

13/  Id.  at  191. 
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In  Executive  Order  No.  10,500,  issued  November  6, 
1953,  President  Eisenhower  declared  Power  Authority  to  be 
the  designee  of  the  United  States  to  construct  the  proposed 
power  project  jointly  with  Canada.  14/ 

By  an  Exchange  of  Notes  issued  on  November  12, 

1953,  the  Governments  of  Canada  and  the  United  States  con¬ 
cluded  an  International  Agreement  establishing  the  St. 
Lawrence  River  Joint  Board  of  Engineers.  This  Agreement 
authorized  the  Joint  Board  of  Engineers  to  perform  the 
duties  specified  within  the  IJC  Order  of  Approval  including 
the  approval  of  plans  of  the  works  and  assurance  that  con¬ 
struction  was  in  accordance  with  such  approval.  15/ 

Based  on  the  preceding  legal  framework,  construc¬ 
tion  of  the  St.  Lawrence  Project  was  commenced.  The  two 
power  entities  spent  nearly  590  million  to  excavate  63 
million  cubic  yards  in  enlarging  upstream  channels  to  provide 
to  the  extent  practicable  an  adequate  cross  section  in  the 
channel  so  that  an  ice  cover  would  form  in  winter  and  to 
provide  the  desired  navigation  channels  during  open  water. 

In  accordance  with  the  IJC  Order  of  Approval,  the  channel 
enlargements  downstream  from  Lotus  Island  were  excavated  to 
provide  velocities  not  exceeding  2.25  feet  per  second  during 
the  ice  forming  period,  the  recognized  maximum  velocity 
beyond  which  ice  packing  would  not  occur.  From  Lotus  Island 
upstream  through  the  Galop  reach  to  above  Chimney  Point, 
however,  channel  enlargements  were  designed  only  to  provide 
velocities  not  exceeding  4  feet  per  second  because  it  had 
always  been  considered  uneconomic  to  excavate  the  Galop 
reach  for  ice  packing  velocities.  Thus,  as  constructed  it 
was  possible  that  a  hanging  ice  dam  could  develop  at  the 
leading  edge  of  the  packed  cover  if  the  supply  of  ice 
through  the  Galop  reach  became  large. 

Despite  the  above  program  of  channel  enlargements, 
a  period  of  high  wind  and  rising  river  levels  dislodged 
large  ice  fields  and  led  to  the  formation  of  an  ice  jam  near 
Cardinal  during  the  first  winter  of  operation  of  the  St. 
Lawrence  project.  This  jam  severely  reduced  flows  (from 


14/  18  Fed.  Reg.  7005. 

15/  5  U.S.T.  2538;  T.I.A.S.  3116. 
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194,000  cfs  to  151,000  cfs)  into  Lake  St.  Lawrence  and 
consequently  power  generation,  both  at  the  Moses-Saunders 
Power  Dam  and  at  Beauhamois,  was  reduced  as  much  as  20 
percent.  Fortunately,  the  involuntary  storage  of  water 
resulting  from  this  ice  jam  occurred  when  Lake  Ontario  was 
at  a  relatively  low  level  and,  therefore,  no  flooding 
problems  were  created  during  the  spring  of  1959. 

After  discussions  with  Hydro  Quebec,  model  studies 
at  Ontario  Hydro's  hydraulic  laboratory,  and  prototype 
velocity  surveys,  it  was  concluded  that  floating  ice  booms 
offered  the  only  feasible  solution  to  eliminate  massive  ice 
movement  and  ensuing  jams  in  the  Cardinal  area  upstream  from 
the  Power  Dam.  Five  ice  booms  were  installed  prior  to  the 
1959-60  season  pursuant  to  the  authorization  of  the  St. 

Lawrence  River  Joint  Board  of  Engineers  issued  on  September 
1,  1959.  A  permit  under  section  10  of  the  Rivers  and  Harbors 
Act  of  1899  16/  was  also  issued  by  the  U.S.  Army  Corps  of 
Engineers  onHEJecember  22,  1959,  to  Power  Authority  authorizing 
placement  of  ice  booms  at  specified  locations  in  United 
States  waters  of  the  St.  Lawrence  River.  A  sixth  boom  was 
installed  for  the  winter  of  1960-61  pursuant  to  the  authori¬ 
zation  of  the  St.  Lawrence  River  Joint  Board  of  Engineers 
issued  on  August  4,  1960,  and  was  relocated  for  the  winter 
of  1961-62.  The  basic  arrangement  has  remained  unchanged 
since  that  time.  However,  the  Joint  Board  of  Engineers 
issued  its  authorizations  subject  to  the  condition  that 

"Any  significant  modifications  in  the  design  or 

location  of  the  booms  that  may  be  indicated  by 

experience  as  being  necessary,  shall  require 

approval  by  the  Joint  Board."  17/ 

Subsequently,  the  St.  Lawrence  River  Joint  Board  of  Engineers 
was  dissolved  after  submitting  its  final  report  to  the 
Governments  of  Canada  and  the  United  States  on  October  4,  1963. 


16/  33  U.S.C.  §  403  (1970).. 

17/  Letters  from  St.  Lawrence  River  Joint  Board  of  Engineers 

to  Hydro-Electric  Power  Commission  of  Ontario,  September  1, 
1959  and  August  4,  1960. 
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Recognizing  that  no  formal  international  control 
over  ice  booms  had  been  exercised  since  the  dissolution  of 
the  Joint  Board  of  Engineers,  the  IJC  determined  on  January 
14,  1974,  that  henceforth  the  six  ice  booms  should  be 
considered  as  included  in  the  works  approved  by  the  IJC 
Order  of  Approval  dated  October  29,  1952,  and  subject  to  the 
IJC's  jurisdiction  to  the  same  extent  as  though  mentioned 
specifically  in  that  Order.  In  addition,  the  IJC  stated 
that  the  prior  approvals  granted  by  the  Joint  Board  of 
Engineers  would  be  considered  IJC  approvals  and  any  amend¬ 
ments  thereto  would  require  approval  of  the  IJC.  By  letters 
dated  April  10,  1974,  and  August  5,  1974,  respectively,  the 
Governments  of  Canada  and  the  United  States  concurred  in  the 
formal  assumption  of  jurisdiction  by  the  IJC  over  the  six 
ice  booms.  The  Power  Authority  was  formally  notified  of  IJC 
assumption  of  jurisdiction  on  October  11,  1974. 


WINTER  NAVIGATION  DEMONSTRATION  PROGRAM 

Under  section  107(b)  of  Public  Law  No.  91-611 
the  Secretary  of  the  Army,  in  cooperation  with  other  Federal 
agencies,  is  authorized  and  directed  to: 

"  ...  undertake  a  program  to  demonstrate  the  prac¬ 
ticability  of  extending  the  navigation  season  on 
the  Great  Lakes  and  Saint  Lawrence  Seaway.  Such 
program  shall  incude,  but  not  be  limited  to,  ship 
voyages  extending  beyond  the  normal  navigation 
season;  observation  and  surveillance  of  ice  condi¬ 
tions  and  ice  forces;  environmental  and  ecological 
investigations;  collection  of  technical  data 
related  to  improved  vessel  design;  ice  control 
facilities,  and  aids  to  navigation;  physical  model 
studies;  and  coordination  of  the  collection  and 
dissemination  of  information  to  shippers  on 
weather  and  ice  conditions  ...  ." 

The  results  of  this  program  will  be  reported  to  Congress  by 
December  31,  1976,  but  further  program  authorizations  are  a 
distinct  possibility. 

This  program  is  conducted  through  the  Winter  Navi¬ 
gation  Board  consisting  of  several  Federal  agencies.  Current 
scheduling  plans  recommended  by  the  Board's  Technical  Review 
Panel  contemplate  installation  of  prototype  booms  in  the 
Ogdensburg-Prescott  reach  and  Ogden  Island  reach  of  the  St. 
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Lawrence  River  in  FY  77  and  FY  78  respectively.  Such  experi¬ 
mental  ice  control  facilities  may  seriously  impair  the 
functioning  of  Power  Authority's  ice  boom  system  located  in 
the  same  region  of  the  river.  The  Power  Authority  is  opposed 
to  such  feasibility  experimentation  without  prior,  adequate 
solution  to  the  substantial  legal  problems  which  such 
activities  raise. 


LEGAL  PROBLEMS 


In  the  context  of  the  foregoing  International  and 
Federal  legal  framework,  several  legal  problems  are  raised 
by  the  unilateral,  United  States  winter  navigation  demon¬ 
stration  program.  These  problems  may  be  addressed  conve¬ 
niently  in  terms  of  (A)  additional  required  regulatory 
approvals  and  consultations,  (B)  the  need  for  recognition  of 
and  provision  for  the  potential  liabilities  of  the  Power 
Authority;  and  (C)  recognition  and  protection  of  the  sub¬ 
stantial  rights  of  the  Power  Authority  and  other  potentially 
affected  interests. 


A.  REQUIRED  REGULATORY  APPROVALS 

1.  Under  Article  III  of  the  1909  Boundary  Waters 
Treaty,  IJC  approval  of  the  instant  winter  navigation  demon¬ 
stration  program  is  required.  Article  III  of  the  Treaty 
provides : 


"It  is  agreed  that,  in  addition  to  the  uses, 
obstructions,  and  diversions  heretofore  per¬ 
mitted  or  hereafter  provided  for  by  special 
agreement  between  the  Parties  hereto,  no 
further  or  other  uses  or  obstructions  or 
diversions,  whether  temporary  or  permanent, 
of  boundary  waters  on  either  side  of  the 
line,  affecting  the  natural  level  or  flow 
of  boundary  waters  on  the  other  side  of  the 
line,  shall  be  made"  except  by  authority  of  the 
United  States  or  the  Dominion  of  Canada  within 
their  respective  jurisdictions  and  with  the 
approval,  as  hereinafter  provided,  of  a  joint 
commission  to  be  known  as  the  International 
Joint  CommisslcnT1  (Emphasis  added) . 


The  St.  Lawrence  is,  of  course,  a  boundary  water  under  the 
Preliminary  Article  in  the  Treaty.  It  is  well  documented 
that  the  International  Rapids  Section  of  the  St.  Lawrence 
River  was  not  used  for  the  purpose  of  winter  navigation  at 
the  time  this  Treaty  was  concluded  or  at  the  time  the  IJC 
issued  its  Order  of  Approval  in  connection  with  the  St. 
Lawrence  Project.  Accordingly,  winter  navigation  should  be 
considered  a  "further  or  other"  use  within  the  meaning  of 
Article  III.  Additionally,  the  instant  winter  navigation 
demonstration  program  includes  ship  voyages  extending 
beyond  the  normal  navigation  season  and  experimentation  with 
ice  control  facilities.  18/  Ship  voyages  near  the  closure 
of  the  navigation  season- In  the  Beauharnois  Canal  have 
produced  a  situation  which  resulted  in  a  flow  reduction  from 
Lake  Ontario,  probably  more  drastic  than  would  otherwise 
have  occurred.  19/  Modification  of  existing  ice  control 
procedures  and  facilities  on  the  St.  Lawrence  River  above 
the  Moses-Saunders  Power  Dam  may  also  significantly  affect 
the  flow  of  the  St.  Lawrence  River  and  the  level  of  Lake 
Ontario.  20/  Thus,  such  actions  should  be  considered  as 
potentially  "affecting  the  natural  level  or  flow  of  boundary 
waters"  within  the  meaning  of  Article  III.  Accordingly,  it 
is  concluded  that  in  addition  to  the  Congressional  authori¬ 
zation  contained  in  Public  Law  No.  91-611,  which  is  also 
required  under  Article  III  of  the  Treaty,  the  instant  winter 
navigation  demonstration  program  requires  the  approval  of 
the  IJC. 

Power  Authority  recognizes  that  uses  for  naviga¬ 
tion  purposes  generally  take  precedence  over  uses  for  power 
purposes  under  Article  VIII  of  the  Treaty.  Nevertheless, 
the  1952  IJC  Order  of  Approval  has  already  established  a 
reasonable  balance  between  such  uses  of  the  St.  Lawrence 
River  consistent  with  the  Treaty's  order  of  precedence. 
Obviously,  Power  Authority  has  made  a  substantial  investment 
to  develop  a  power  use  based  upon  the  balance  struck.  At 
a  minimum,  therefore,  IJC  approval  of  the  instant  winter 


18/  Pub.  L.  No.  91-611,  §  107(b)  (Dec.  31,  1970). 

19/  See  Ad  Hoc  Committee  on  Ice  Booms,  International  St. 
Lawrence  River  Board  of  Control,  Addendum  to  Report 
of  the  Timing  of  Power  Entities'  Ice  Boom  Installation 
and  Removal  at  5-6  (March  15,  1974). 

20/  See  Power  Authority  of  the  State  of  New  York,  Ice  and 
Power  at  10-12. 
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navigation  demonstration  program,  as  a  further  navigation  { 

use  altering  the  established  balance,  must  be  conditioned 
upon  adequate  compensation  to  Power  Authority  for  any  injury 
to  its  substantial  power  interest  developed  under  existing 
IJC  Orders  of  Approval. 

2.  Since  the  IJC  has  formally  assumed  jurisdic¬ 
tion  over  the  ice  booms  in  the  St.  Lawrence  River,  any 
significant  modification  thereto  in  connection  with  any 
winter  navigation  program  or  other  purpose  would  require  the 
approval  of  the  IJC  in  accordance  with  its  Order  of  Approval 
of  October  29,  1952. 

As  noted  above,  the  IJC  determined  on  January  14, 

1974,  that  the  six  ice  booms  should  be  considered  as  included 
in  the  works  approved  by  its  Order  of  Approval  of  October 
29,  1952.  This  formal  assumption  of  jurisdiction  was  con¬ 
curred  in  by  both  Governments,  and  the  power  entities  were 
notified  of  this  formal  determination  on  October  11,  1974. 

In  pertinent  part  this  notification  states: 

"The  Commission  has  formally  determined  that  the 
six  ice  booms  in  the  Prescott-Galop  reach  of  the 
St.  Lawrence  River,  which  were  approved  by  the  St. 

Lawrence  River  Joint  Board  of  Engineers  in  1959 
and  I960,  henceforth  will  be  considered  as  in¬ 
cluded  in  the  works  approved  by  this  Commission's 
Order  of  Approval  dated  29  October  1952  and 
subject  to  the  Commission's  jurisdiction  to  the 
same  extent  as  though  mentioned  specifically  in 
that  order.  The  approvals  given  by  the  Joint 
Board  of  Engineers  in  their  letters  of  September 
1,  1959,  and  August  4,  1960,  to  the  Power  Entities 
. . .  will  be  considered  International  Joint  Commission 
approvals  and  any  amendments  thereto  will  require 
the  approval  of  this  Commission."  21/ 

Thus,  it  is  concluded  that  no  significant,  experimental 
modification  of  the  six  ice  booms  in  order  to  facilitate  any 
winter  navigation  program  or  other  purpose  is  permitted 
without  IJC  approval  thereof. 


21/  Letter  from  International  Joint  Commission  to  Power 
Authority  of  the  State  of  New  York,  October  11,  1974. 
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3.  The  IJC  Order  of  Approval  also  requires  the 
Power  Authority  to  obtain  FPC  approval  of  changes  in  the 
design  of  the  ice  booms  or  other  works  to  facilitate  any 
winter  navigation  demonstration  program  or  other  purpose. 

Since  the  ice  booms  are  considered  "works"  approved 
by  the  IJC  Order  of  October  29,  1952,  they  are  expressly 
subject  to  the  conditions  enumerated  in  that  Order,  in¬ 
cluding  condition  (f)  which  provides: 

"Before  the  Hydro-Electric  Power  Commission  of 
Ontario  commences  the  construction  of  any  part  of 
the  works,  it  shall  submit  to  the  Government  of 
Canada,  and  before  the  entity  designated  by  the 
Government  of  the  United  States  commences  the 
construction  of  any  part  of  the  works,  it  shall 
submit  to  the  Government  of  the  United  States,  for 
approval  in  writing,  detailed  plans  and  specifica¬ 
tions  of  that  part  of  the  works  located  in  their 
respective  countries  and  details  of  the  program  of 
construction  thereof  or  such  details  of  such  plans 
and  specifications  or  programs  of  construction 
relating  thereto  as  the  respective  Government  may 
require.  If  after  any  plan,  specification  or 
program  has  been  so  approved,  the  Hydro-Electric 
Power  Commission  of  Ontario  or  the  entity  desig¬ 
nated  by  the  Government  of  the  United  States 
wishes  to  make  any  change  therein,  it  shall, 
before  adopting  such  change,  submit  the  changed 
plan,  specification  or  program  for  approval  in  a 
like  manner." 

The  Power  Authority  is,  of  course,  the  entity  designated  by 
the  Government  of  the  United  States.  The  Power  Authority's 
detailed  plans  and  specifications  for  the  project  were 
approved  by  the  FPC,  the  responsible  agency  of  the  Govern¬ 
ment  of  the  United  States,  in  accordance  with  the  provisions 
of  the  Federal  Power  Act.  In  its  order  issuing  the  license 
for  Project  No.  2000,  the  FPC  expressly  found  that  the 
proposed  project  would  consist  of,  inter  alia,  all  structures, 
equipment,  or  facilities  used  in  the  maintenance  and  opera¬ 
tion  of  the  project  area,  including  such  portable  property 
as  may  be  useful  in  connection  wtih  the  project  or  any  part 
thereof,  whether  located  on  or  off  the  project  area,  if 
and  to  the  extent  that  the  inclusion  of  such  property  as  part 


of  the  project  was  approved  or  acquiesced  in  by  the  FPC.  22/ 
Accordingly,  before  adopting  any  change  in  any  plan,  specT- 
fication,  or  program,  including  those  pertaining  to  the  six 
ice  booms,  the  Power  Authority  is  required  by  condition  (f) 
of  the  IJC  Order  of  Approval  to  obtain  FPC  approval  thereof 
under  the  Federal  Power  Act. 

4.  The  Exchange  of  Notes  of  August  17,  1954, 
between  the  United  States  and  Canada  requires  consultation 
with  the  Government  of  Canada  with  respect  to  the  instant 
winter  navigation  demonstration  program. 

By  that  Exchange  of  Notes  the  United  States  and 
Canada  effected  an  international  agreement  concerning  navi¬ 
gation  on  the  St.  Lawrence  River.  23/  This  agreement  was 
necessitated  by  the  Congressional  enactment  of  Public  Law 
358  on  May  13,  1954,  24 7  which  created  the  St.  Lawrence 
Seaway  Development  Corporation  and  authorized  and  directed 
it  to  construct  27- foot  navigation  works  on  the  United 
States  side  of  the  International  Section  of  the  St.  Lawrence 
River.  The  commitments  made  therein  by  the  respective 
Governments  are  in  addition  to  the  Treaty  obligations 
otherwise  relevant.  25/ 

The  additional  undertakings  are  contained  in 
paragraph  4(b)  and  6  of  the  Canadian  Note  of  August  17, 

1954.  Under  paragraph  4(b)  the  United  States  Government  is 
required  to  consult  the  Canadian  Government  should  the 
United  States  Government  intend  to  build  on  United  States 
territory  in  the  International  Rapids  Section  "navigation 
works"  in  addition  to  those  provided  for  in  Public  Law  358. 


22/ 

12  FPC  172,  181  (1953) 

23/ 

5  U.S.T.  1784;  T.I.A.S. 

3053. 

24/ 

33  U.S.C.  §  981  et  seq. 

(1970). 

25/ 

Canadian  Note  of  August 
5  U.S.T.  at  1787. 

17,  1954,  paragraph  6d, 
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Paragraph  6(b)  provides: 


"It  is  further  agreed  that  each  Government  will 
consult  ♦‘he  other  before  it  enacts  any  new  law  or 
promulgates  any  new  regulation,  applicable  in  the 
respective  national  parts  of  the  international 
section  of  the  St.  Lawrence  River,  which  might 
affect  Canadian  or  United  States  shipping,  or 
shipping  of  third-country  registry  proceeding  to 
or  from  Canada  or  the  United  States  respectively."  26/ 

Thus,  it  is  recommended  that  present  and  proposed  legisla¬ 
tion  authorizing  any  winter  navigation  program  be  reviewed 
in  the  context  of  the  foregoing  requirements  in  order  that 
any  necessary  consultation  by  the  Government  of  the  United 
States  with  the  Government  of  Canada  be  commenced  without 
further  delay  as  required  by  this  agreement. 


In  this  regard  it  is  worthwhile  to  note  that  the 
enabling  legislation  creating  the  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation  requires  that  Corporation  to  coordinate  its 
navigation  activities  with  Canadian  navigation  authorities 
and  the  Power  Authority.  Section  3(b)  of  Public  Law  358 
provides : 


"The  Corporation  shall  make  necessary  arrangements 
to  assure  the  coordination  of  its  activities  with 
those  of  the  St.  Lawrence  Seaway  Authority  of 
Canada  and  the  entity  designated  by  the  State  of 
New  York,  or  other  licensee  of  the  Federal  Power 
Commission,  authorized  to  construct  and  operate 
the  dams  and  power  works  authorized  by  the  Inter¬ 
national  Joint  Commission  in  its  order  of  October 
29,  1952  (docket  68)  or  any  amendment  or  modifica¬ 
tion  thereof."  27/ 

The  foregoing  is  confirmed  by  reference  to  the  legislative 
history  of  Public  Law  358.  28/ 

5.  The  Federal  Power  Act  independently  requires 
the  Power  Authority  to  obtain  prior  FPC  approval  for  any 
substantial  alteration  to  any  project  works  made  in  con¬ 
nection  with  the  winter  navigation  demonstration  program. 


26/  Id.  at  1786. 

27/  33  U.S.C.  §  983(b)  (1970). 

28/  1954  U.S.  Code  Cong.  &  Ad.  News  at  2199-2200. 
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Section  10  of  the  Federal  Power  Act  29/  requires 
that  all  licenses  issued  by  the  FPC  shall  contiln  the  condi 
tions  enumerated  therein.  In  particular,  section  10(b) 
provides : 


"That  except  when  emergency  shall  require  for  the 
protection  of  navigation,  life,  health  or  property, 
no  substantial  alteration  or  addition  not  in 
conformity  with  the  approved  plans  shall  be  made 
to  any  dam  or  other  project  works  constructed 
hereunder  of  an  installed  capacity  in  excess  of 
2,000  horsepower  without  the  prior  approval  of  the 
Commission;  and  any  emergency  alteration  or  addi¬ 
tion  so  made  shall  thereafter  be  subject  to  such 
modification  and  change  as  the  Commission  may 
direct."  30/ 

In  issuing  the  license  for  Project  No.  2000  to  the  Power 
Authority,  the  FPC  specifically  incorporated  this  condition 
in  the  license  under  Article  3  thereof.  31/ 

The  meaning  of  "project"  and  "project  works"  is 
readily  determined  from  the  Federal  Power  Act  definitions 
and  the  FPC  order  issuing  the  Power  Authority’s  license. 
Section  3(12)  provides: 

"’project  works'  means  the  physical  structures  of 
a  project."  32/ 

In  addition,  section  3(11)  provides: 

i 

'"project'  means  complete  unit  of  improvement  or 
development,  consisting  of  a  power  house,  all 
water  conduits,  all  dams  and  appurtenant  works  and 
structures  (including  navigation  structures)  which 
are  a  part  of  said  unit,  and  all  storage  diverting 
or  forebay  reservoirs  directly  connected  there¬ 
with  . . .  all  miscellaneous  structures  used  and 
useful  in  connection  with  said  unit  or  any  part 


29/  16  U.S.C.  §  803  (1974) . 

30/  Id.  §  803(b). 

31/  12  FPC  at  186. 

32/  16  U.S.C.  §  796(12)  (1974). 
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thereof,  and  all  water  rights,  rights  of  way, 
ditches,  dams,  reservoirs,  lands,  or  interest  in 
lands  the  use  and  occupancy  of  which  are 
necessary  or  appropriate  in  the  maintenance  and 
operation  of  such  unit."  33/ 

Accordingly,  in  issuing  the  Power  Authority's  license  the 
FPC  expressly  found  that: 

"The  proposed  project  would  consist  of: 

*  *  *  * 

C.  All  other  structures,  fixtures,  equip¬ 
ment,  or  facilities  used  or  useful  in  the 
maintenance  and  operation  of  the  project  and 
located  on  the  project  area,  including  such 
portable  property  as  may  be  used  or  useful  in 
connection  with  the  project  or  any  part  thereof, 
whether  located  on  or  off  the  project  area, 
if  and  to  the  extent  that  the  inclusion  of  such 
property  as  part  of  the  project  is  approved  or 
acquiesced  in  by  the  Commission,  also  all 
riparian  or  other  rights,  the  use  or  possession 
of  which  is  necessary  or  appropriate  in  the 
maintenance  or  operation  of  the  project."  34/ 
(Emphasis  added). 

Power  Authority  concludes,  therefore,  that  the  six  ice 
booms,  as  portable  property  useful  in  connection  with  the 
project,  and  Lake  St.  Lawrence,  as  a  forebay  reservoir,  are 
"project  works"  within  the  meaning  of  the  Federal  Power  Act 
and  the  Power  Authority's  license.  Consequently,  substantial 
alteration  thereto  is  prohibited  without  prior  FPC  approval 
pursuant  to  section  10(b)  of  the  Federal  Power  Act. 

Because  of  the  potentially  grave  consequences 
of  ice  control  experimentation,  FPC  approval  of  a  substantial 
alteration  to  the  Power  Authority's  ice  booms  or  other  project 
works  would  be  major  Federal  action  significantly  affecting 
the  quality  of  the  human  environment  under  the  National 
Environmental  Policy  Act  of  1969  (NEPA) ,  42  U.S.C.  §  4321 


33/ 

Id-  §  796 

(11). 

34/ 

12  FPC  at 

180-181. 
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et  seq.  Thus,  in  issuing  its  approval  the  FPC  would  be 
required  to  prepare  a  detailed  environmental  impact  state¬ 
ment  in  accordance  with  the  procedural  mandate  of  t -action 
102(2) (C)  of  NEPA  and  FPC  regulations.  In  addition,  NEPA  is 
clearly  more  than  an  environmental  full  disclosure  law.  Com¬ 
pliance  with  NEPA' s  substantive  policies  as  well  as  its  pro¬ 
cedural  mandate  would  also  be  required  in  connection  with  FPC 
approval.  Environmental  Defense  Fund  v.  Corps  of  Engineers, 
470  F. 2d  2897“29T78 th  Cir 7 "T97277  "cert .  JehledT  412  U.Sr931 

(1973)  * 


The  exercise  of  FPC  jurisdiction  over  alterations 
to  project  works  pursuant  to  the  Power  Act  and  NEPA  is 
illustrated  by  the  FPC  Order  of  March  13,  1975,  requiring 
South  Carolina  Public  Service  Authority,  the  licensee  for 
Project  No.  199,  to  cease  "or  caused  to  have  ceased"  con-, 
struction  activities  involving,  inter  alia,  alterations  of 
project  works  which  have  not  been  specifically  approved  by 
the  FPC.  This  Order  was  issued  after  the  FPC  discovered 
that  numerous  applications  had  been  filed  with  the  Corps  of 
Engineers  by  the  licensee  and  third  parties  for  permits  to 
perform  various  construction  activities  within  Project  No. 
199.  Through  this  action  the  FPC  has  underscored  the  re¬ 
sponsibility  of  a  FPC  licensee,  such  as  Power  Authority,  for 
the  activities  of  third  parties  affecting  project  works. 

Based  upon  tnis  Order  and  the  applicable  provisions  of  the 
Federal  Power  Act,  Power  Authority  concludes  that  is  has  a 
duty  under  its  license  to  protect  its  project  works  from 
substantial  alterations  or  interference  that  might  be 
occasioned  by  the  acts  of  third  parties  until  the  Power 
Authority  obtains  the  prior  approval  of  the  FPC. 

6.  Through  Article  19  of  the  Power  Authority's 
license,  the  Federal  Power  Act  precludes  modifications  to 
the  ice  booms  inconsistent  with  the  IJC  Order  of  Approval. 

The  legal  machinery  whereby  the  full  authority  for 
construction  and  operation  of  Project  No.  2000  was  secured 
within  the  United  States  is  derived  from  both  the  Boundax-v 
Waters  Treaty  of  1909  and  the  Federal  Power  Act.  35/  There¬ 
fore,  the  FPC  provided  in  Article  19  of  the  Power~Xuthority '  s 
license  chat: 

"In  the  design,  construction,  maintenance  and 
operation  of  the  project  covered  by  this  license, 
the  licensee  shall  comply  with  all  applicable 
.  provisions  and  requirements  of  the  order  of  ap- 


35/  Id.  at  176. 
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proval  (International  Joint  Commission  docket  68) 
issued  October  29,  1952,  by  the  International 
Joint  Commission  . . .  for  the  construction  of  certain 
works  for  the  development  of  power  in  the  Interna¬ 
tional  Rapids  section  of  the  St.  Lawrence  River.” 

36/ 

The  IJC  has  formally  determined  that  the  six  ice  booms  are 
"works”  within  the  meaning  of  the  IJC  Order  of  Approval. 
Therefore,  under  the  provisions  of  the  Federal  Power  Act  37/ 
and  Article  19,  the  Power  Authority  may  not  take  action  or 
acquiesce  in  the  actions  of  others  with  respect  to  the  ice 
booms  inconsistent  with  the  provisions  and  conditions  of  the 
IJC  Order  of  Approval  without  incurring  the  risk  of  losing 
its  license. 

7.  The  proposed  ice  control  experimentation  may 
impair  Power  Authority's  ability  to  comply  with  the  FPC 
Order  of  August  3,  1959. 

The  FPC  Order  of  August  3,  1959,  22  FPC  185,  186, 
requires  Power  Authority  to  comply  with  all  applicable 
provisions  of  the  IJC  Order  of  Approval  issued  October  29, 
1952,  as  amended  by  the  IJC  Order  of  July  2,  1956,  in  the 
maintenance  and  operation  of  Project  No.  2000.  The  FPC 
Order  alsc  provides: 

"In  complying  with  these  requirements,  the  li¬ 
censee  shall  be  deemed  to  have  accomplished  such 
compliance  if  it  follows  Regulation  Plan  1958-A  or 
any  supplementary  or  superseding  plan  of  regu¬ 
lation  approved  by  the  International  Joint  Com¬ 
mission,  under  supervision  of  the  International 
Saint  Lawrence  River  Board  of  Control  in  accord¬ 
ance  with  paragraph  (h)  of  the  October  29,  1952, 
Order  of  Approval." 


36/  Id.  at  191. 

37/  Section  26,  16  U.S.C.  §  820,  provides: 

"That  the  Attorney  General  may,  on  request  of 
the  Commission  or  of  the  Secretary  of  the  Army, 
institute  proceedings  in  equity  in  the  district 
court  of  the  United  States  in  the  district  in  which 
any  project  or  part  thereof  is  situated  for  the 
purpose  of  revoking  for  violation  of  its  terms  any 
permit  or  license  issued  hereunder,  or  for  the  pur¬ 
pose  of  remedying  or  correcting  by  injunction,  mandamus 
or  other  process  any  act  of  commission,  or  omission 
in  violation  of  the  provisions  of  this  Act  or  of  an)' 
lawful  regulation  or  order  promulgated  hereunder." 


JA-19 


0  •jMdRKS"'*? 


The  IJC  has  approved  Regulation  Plan  1958-D  per¬ 
taining  to  the  regulation  of  Lake  Ontario  levels  and  outflows. 
Thus,  Power  Authority  is  deemed  in  compliance  with  the  FPC 
Order  of  August  3,  1959,  so  long  as  it  follows  Regulation 
Plan  1958-D.  Introduction  of  experimental  ice  control  structures 
by  the  Winter  Navigation  Board  such  as  those  proposed  by  the 
Technical  Review  Panel  for  FY  77  and  FY  78  in  the  Ogdensburg- 
Prescott  reach  and  Ogden  Island  reach  may  significantly 
impair  Power  Authority's  ability  to  meet  the  requirements  of 
Regulation  Plan  1958-D.  In  such  event,  Power  Authority  would 
not  necessarily  be  deemed  in  compliance  with  the  FPC  Order 
of  August  3,  1959.  It  is,  however,  fundamental  that  Power 
Authority  conduct  its  activities  within  the  mandate  of  this 
FPC  Order. 


8.  Since  FPC  authority  over  the  ice  booms  and 
other  project  works  under  the  Federal  Power  Act  preempts 
Corps  of  Engineers  permit  authority  under  section  10  of  the 
Rivers  and  Harbors  Act  of  1899,  the  Corps  of  Engineers  is 
without  jurisdiction  to  issue  a  permit  under  the  Rivers  and 
Harbors  Act  independently  authorizing  any  modifications  to 
Power  Authority  project  works. 

Under  section  10  of  the  Rivers  and  Harbors  Act  of 
1899,  33  U.S.C.  §  403,  structures  or  work  may  not  be  commenced 
in  navigable  ;;aters  of  the  United  States  unless  approved  by 
the  Corps  of  Engineers.  However,  under  section  23(b)  of  the 
Federal  Power  Act,  38/  which  was  enacted  subsequently  to  the 
Rivers  and  Harbors  Set,  the  construction  of  any  dam  or  works 
incidental  thereto  across,  along,  or  in  any  navigable  water  is 
declared  unlawful  except  in  accordance  with  a  license  issued 
by  the  FPC  pursuant  to  section  4  of  the  Federal  Power  Act. 

In  pertinent  part,  section  4(e)  of  the  Power  Act  provides: 

"That  no  license  affecting  the  navigable  capacity 
of  any  navigable  waters  of  the  United  States  shall 
be  issued  until  the  plans  of  the  dam  or  other 
structures  affecting  navigation  have  been  approved 
by  the  Chief  of  Engineers  and  Secretary  of  the 
Army."  39/ 

Thus,  obtaining  a  permit  from  the  Corps  of  Engineers  under 
section  10  of  the  Rivers  and  Harbors  Act  would  clearly  re¬ 
sult  in  duplication  of  Federal  administrative  effort.  More- 


38/  16  U.S.C.  §  817  (1974). 

39/  Id.  §  797(e). 
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over,  it  is  recognized  that  the  central  purpose  of  the 
Federal  Power  Act  is  to  provide  the  FPC  with  the  compre¬ 
hensive  control  over  those  uses  of  the  nation's  water  re¬ 
sources  in  which  the  Federal  government  has  a  legitimate 
interest,  including  navigation,  irrigation,  flood  control 
and  hydroelectric  power.  FPC  v.  Union  Electric  Co. ,  381 
U.S.  90  (1965).  The  foregoing  led  the  court  in  Scenic 
Hudson  Preservation  Conference  v.  Callaway,  370  F.  Supp .  162 
(g.fr.N.Y.  1973)  raff'd,  499  F.2d  127  (Id  Cir.  1974),  to  hold 
that  in  view  of  the  broad  FPC  responsibility  for  such  compre¬ 
hensive  development  and  the  inter-agency  review  mandated  by 
section  4(e),  the  Federal  Power  Act  preempts  the  Corps  of 
Engineers'  permit  authority  under  section  10  of  the  Rivers 
and  Harbors  Act  for  structures  and  work  authorized  by  a  FPC 
license.  The  court  ruled,  therefore,  that  a  utility  was  not 
required  to  obtain  a  section  10  permit  from  the  Corps  inde¬ 
pendently  authorizing  work  in  a  navigable  water  undertaken 
in  connection  with  construction  of  a  hydroelectric  project 
already  approved  und^r  a  FPC  license.  In  so  holding  the 
court  also  explicitly  approved  Corps  of  Engineers  regulations 
in  this  regard,  which  provide: 

"In  such  cases,  the  interests  of  navigation  should 
normally  be  protected  by  a  recommendation  to  the 
FPC  for  the  inclusion  of  appropriate  provisions  in 
the  FPC  license  rather  than  the  issuance  of  a 
separate  Department  of  the  Army  permit  under  33 
U.S.C.  §  401,  et  se£."  40/ 

Therefore,  Power  Authority  concludes  that  overall  Federal 
regulatory  responsibility  for  the  ice  booms  in  United  States 
waters  is  vested  in  the  FPC,  and  the  Corps  of  Engineers,  by 
virtue  of  such  preemption,  is  without  jurisdiction  to  inde¬ 
pendently  permit,  pursuant  to  section  10  of  the  Rivers  and 
Harbors  Act,  modification  or  additions  thereto.  Thus  in 
connection  with  Project  No.  2000,  Corps  of  Engineers  author¬ 
ity  to  regulate  navigation  must  be  exercised  within  the 
constraints  of  the  Federal  Power  Act. 

B.  LIABILITIES  OF  THE  POWER  AUTHORITY 

Any  winter  navigation  demonstration  program  must 
recognize  and  make  adequate  provision  for  the  extensive 
liability  of  the  Power  Authority  which  could  arise  under 
the  1909  Boundary  Waters  Treaty,  the  IJC  Order  of  Approval 


40/  33  C.F.R.  §  209. 120(c) (6) (1974). 
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issued  thereunder,  and  the  provisions  of  the  Federal  Power 
Act  if  the  Power  Authority  were  to  voluntarily  remove  or 
impair  the  protection  now  provided  by  the  ice  booms. 

The  IJC  Order  approved  construction,  maintenance 
and  operation  of  the  works  subject  to  several  conditions. 

Condition  (a)  provides: 

"All  interests  on  either  side  of  the  International 
Boundary  which  are  injured  by  reason  of  the  con¬ 
struction,  maintenance,  and  operation  of  the  works 
shall  be  given  suitable  and  adequate  protection 
and  indemnity  in  accordance  with  the  laws  in 
Canada  or  the  Constitution  and  laws  in  the  United 
States  respectively,  and  in  accordance  with  the 
requirements  of  Article  VIII  of  the  Treaty." 

In  addition,  condition  (d)  provides: 

"The  works  shall  be  so  designed,  constructed, 
maintained  and  operated  as  to  safeguard  so  far  as 
possible  the  rights  of  all  interests  affected  by 
the  levels  of  the  St.  Lawrence  River  upstream  from 
the  Iroquois  regulatory  structure  and  by  the 
levels  of  Lake  Ontario  and  the  lower  Niagara 
River;  and  any  change  in  levels  resulting  from  the 
works  which  injuriously  affects  such  rights  shall 
be  subject  to  requirements  of  [condition  (a)] 
relating  to  protection  and  indemnification." 

As  noted  above,  Article  19  of  the  Power  Authority's  FPC 
license  requires  the  Power  Authority  to  abide  by  these 
conditions. 


Section  10(c)  of  the  Federal  Power  Act  provides  in 
pertinent  part: 

"Each  licensee  hereunder  shall  be  liable  for  all 
damages  occasioned  to  the  property  of  others  by 
the  construction,  maintenance,  or  operation  of  the 
project  works  or  of  the  works  appurtenant  or 
accessory  thereto,  constructed  under  the  license, 
and  in  no  event  shall  the  United  States  be  liable 
therefor.”  M./ 


41/  16  U.S.C.  §  803(c)  (1974). 


f 
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In  addition,  section  27  of  the  Federal  Power  Act  provides: 

"That  nothing  herein  contained  shall  be  construed 
as  affecting  or  intending  to  affect  or  in  any  way 
interfere  with  the  laws  of  the  respective  states 
relating  to  the  control,  appropriation,  use  or 
distribution  of  water  used  in  irrigation  or  for 
municipal  or  other  uses,  or  any  vested  right 
acquired  therein."  42/ 

These  provisions  have  been  construed  by  the  courts  to  require 
a  licensee  such  as  the  Power  Authority  to  pay  just  compensation 
for  destruction  of,  or  interference  with,  vested  water 
rights  and  other  property  interests  held  under  State  law. 

FPC  v.  Niagara  Mohawk  Power  Corp.,  347  U.S.  239  (1954); 

Henry  Ford  &  Son.  Inc  v.  Little  Falls  Fibre  Co.,  280  U.S. 

269  (1930) ;  Portland  General  Electric  Co.  v.  FPC,  328  F.2d 
165  (9th  Cir7T9'64)". -  - 

For  example,  in  U.S.  v.  Central  Stockholders  Corp. , 

52  F.2d  323  (9th  Cir.  1931) ,  the  FPC  licensee  was  held 
liable  to  a  lower  riparian  proprietor  for  interference  with 
its  riparian  rights  to  the  annual  overflow  of  waters  of  the 
San  Joaquin  River,  which  constituted  vested  rights  protected 
under  State  law.  In  Henry  Ford  &  Son,  Inc,  v.  Little  Falls 
Fibre  Co. ,  supra,  the  Supreme  Court  held  that  a  licensee 
under  the  Federal  Power  Act  was  liable  to  an  upper  riparian 
owner  whose  water  power  rights  had  been  partially  taken  as  a 
consequence  of  the  licensee's  activities.  Later,  in  FPC  v. 
Niagara  Mohawk  Power  Corp, ,  supra,  the  Supreme  Court  reit¬ 
erated  that  vested  State  water  fights  had  not  been  abolished 
by  the  Federal  Power  Act  and  such  rights  may  not  be  taken 
without  compensation.  Although  the  Court  recognized  the 
dominant  servitude  in  favor  of  the  United  States  under  which 
all  private  persons  hold  all  rights  to  use  the  water  of 
navigable  streams,  it  emphasized  that  the  exercise  of  that 
servitude  without  making  allowance  for  preexisting  rights 
requires  a  clear  authorization  lacking  in  the  Federal  Power 
Act.  Thus,  the  Court  concluded  that  the  FPC  licensee  was 
justified  in  making  payments  for  a  vested  right  to  water 
power  acquired  under  State  law. 

Other  property  interests  are  protected  under 
section  10(c)  of  the  Federal  Power  Act.  In  Seaboard  Airline 
R.  Co .  v.  Crisp  County,  279  F.2d  873,  cert,  denied,  364  U.S.' 

942  (1961),  the  court  held  that  a  FPC  licensee  was  liable 


42/  Id.  §  821. 
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for  all  damages  inflicted  upon  a  railroad  embankment  as  a 
result  of  both  construction  and  operation  of  a  hydroelectric 
proiect.  In  Grand  River  Dam  Authority  v.  Board  of  Education, 

147  P. 2d  1003,  cert,  denied,  322  U,$.  733  (ITO)  7  the' court" 
held  that  the  FPC  licensee  was  liable  to  a  school  district 
where  the  impoundment  of  waters  caused  damages  to  school 
property. 


The  Power  Authority's  potential  liability  would 
not  be  limited  to  injuries  inflicted  upon  properties  located 
within  the  United  States.  In  pertinent  part  Article  VIII  of 
the  Treaty  provides: 

"The  Commission  in  its  discretion  may  make 
its  approval  in  any  case  conditional  upon  the 
construction  of  remedial  or  protective  works  to 
compensate  so  far  as  possible  for  the  particular 
use  or  diversion  proposed,  and  in  such  cases  may 
require  that  suitable  and  adequate  provision, 
approved  by  the  Commission,  be  made  for  the  pro¬ 
tection  and  indemnity  against  injury  of  any 
interests  on  either  side  of  the  boundary. 

"In  cases  involving  the  elevation  of  the 
natural  level  of  waters  on  either  side  of  the  line 
as  <t  result  of  the  construction  or  maintenance  on 
the  other  side  of  remedial  or  protective  works  or 
dams  or  other  obstructions  in  boundary  waters  or 
in  waters  flowing  therefrom  or  in  waters  below  the 
boundary  in  rivers  flowing  across  the  boundary, 
the  Commission  shall  require  as  a  condition  of  its 
approval  thereof,  that  suitable  and  adequate 
provision,  approved  by  it,  be  made  for  the  pro¬ 
tection  and  indemnity  of  all  interests  on  the 
other  side  of  the  line  which  may  be  injured 
thereby." 

Pursuant  to  this  authority  the  IJC  has  attached  condition 
(a),  as  quoted  supra,  to  its  Order  of  Approval,  explicitly 
protecting  "all  interests  on  either  side  of  the  International 
Boundary"  in  accordance  with,  inter  alia,  the  Constitution 
and  laws  of  the  United  States.  Accordingly ,  if  Power  Authority 
agreed  or  acquiesced  in  changes  in  the  ice  booms  to  facilitate 
any  winter  navigation  demonstration  program  in  United  States 
waters,  those  Canadian  property  interests  injured  thereby 
may  also  recover  damages  under  section  10(c)  of  che  Federal 
Power  Art. 


( 
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The  foregoing  adequately  demonstrates  that  if  the 
Power  Authority  voluntarily  agreed  or  acquiesced  in  substan¬ 
tial  changes  or  removal  of  the  ice  booms  to  facilitate  a 
winter  navigation  demonstration  program,  it  could  be  liable 
for  injuries  to  recognized  property  interests  on  either  side 
of  the  International  Boundary  resulting  from  such  maintenance 
or  operation  of  the  project  works.  Winter  operation  of 
Project  No.  2000  without  ice  booms  resulted  in  the  formation 
of  large  ice  jams  which  dramatically  reduced  the  outflow  of 
Lake  Ontario  in  1959.  In  a  year  of  high  inflows  into  Lake 
Ontario,  such  an  outflow  reduction  would  cause  the  level  of 
water  in  Lake  Ontario  to  rise  and  cause  serious  flooding  and 
other  shoreline  damage.  Substantial  experimental  modifica¬ 
tion  of  the  ice  boom  configuration  may  cause  the  same  results. 
The  seriousness  of  the  potential  liability  is  underscored  by 
the  damage  caused  by  recent  flooding  on  Lake  Ontario  from 
other  causes.  The  total  damage  caused  by  just  one  day  of 
flooding  was  alleged  to  be  approximately  $50  million.  This 
should  be  compared  with  the  Power  Authority's  annual  revenues 
from  Project  No.  2000  of  $27  million. 

The  foregoing  focuses  upon  the  Power  Authority's 
potential  liability  under  the.  Federal  Power  Act  and  1909 
Treaty.  Of  course,  adequate  provision  for  the  corresponding 
potential  liability  of  Ontario  Hydro  under  Canadian  law  is 
also  required. 


C.  RIGHTS  OF  POWER  AUTHORITY 

Significant  ice  control  experimentation  proposed 
in  the  winter  navigation  demonstration  program  may  not  be 
implemented  without  adequate  protection  for  the  Power 
Authority's  rights  arising  under  the  Treaty  and  the  Federal 
Power  Act. 

First,  under  Article  III  of  the  Treaty,  experiments 
to  demonstrate  winter  navigation  may  constitute  a  further 
use  affecting  at  least  temporarily  the  natural  level  or  flow 
of  boundary  waters  which  requires  IJC  approval.  Thus,  under 
Article  VIII  the  IJC  is  required  to  condition  its  approval 
thereof  upon  suitable  and  adequate  provision  for  the  pro¬ 
tection  and  indemnity  of  all  interests  which  may  be  injured 
thereby.  Such  interests  must  include  the  right  of  the  Power 
Authority  as  a  licensee  under  the  Federal  Power  Act  to 
utilize  the  hydroelectric  potential  of  the  St.  Lawrence 
River.  Accordingly,  the  Power  Authority  would  be  entitled 
to  compensate  for  lost  revenues  caused  by  reduced  output 
resulting  from  any  winter  navigation  demonstration  program. 


As  a  licensee  under  the  Federal  Power  Actl'the 
Power  Authority  has  substantial  rights  thereunder  which  must 
be  protected.  The  license  for  Project  No.  2000  was  issued 
by  the  FPC  for  a  period  of  fifty  (50)  years  and  properly 
accepted  by  the  Power  Authority.  Consequently,  the  Power 
Authority  is  entitled  to  operate  and  maintain  Project  No. 
2000  in  accordance  with  the  provisions  of  the  Federal  Power 
Act  and  the  conditions  of  the  license.  The  circumstances 
under  which  the  conditions  in  its  license  and  the  provisions 
of  the  Power  Act  may  be  modified  are  sharply  circumscribed 
to  protect  the  Power  Authority.  Section  6  of  the  Power  Act 
provides: 


"Licenses  may  be  revoked  only  for  the  reasons  and 
in  the  manner  prescribed  under  the  provisions  of 
this  Act,  and  may  be  altered  or  surrendered  only 
upon  mutual  agreement  between  the  licensee  and  the 
Commission  after  thirty  days'  public  notice."  43/ 

In  addition,  section  28  thereof  also  provides: 

"That  the  right  to  alter,  amend,  or  repeal  this 
Act  is  hereby  expressly  reserved;  but  no  such 
alteration,  amendment,  or  repeal  shall  affect  any 
license  theretofore  issued  under  the  provisions  of 
this  Act,  or  the  rights  of  any  licensee  thereunder. 
44/ 

As  the  court  in  Scenic  Hudson  Preservation  Conference  v. 
Callaway  45/  recognized,  section  28  is  intended  to  protect 
licenseesTrom  ex  post  facto  lawmaking  relating  specifically 
to  FPC  license  requirements . 

Under  Article  12  of  the  license  for  Project  No. 
2000,  at  a  minimum,  the  rules  and  regulations  pertaining  to 
the  operation  of  anv  navigation  facilities  must  be  reason¬ 
able.'^/ 


43/ 

Id. 

§ 

799. 

44/ 

Id. 

§ 

822. 

45/ 

370 

F. 

Suop.  at 

46/ 

12 

FPC 

:  at  189. 

JA-76 


Although  the  United  States  has  specifically  re¬ 
tained  the  right  under  Article  13  to  use  water  in  an  amount 
necessary  for  the  purposes  of  navigation,  the  licensee  also 
has,  at  the  very  least,  the  right  thereunder  to  insist  upon 
reasonable  rules  and  regulations  in  the  interest  of  navigation 
which  also  protect  life,  health,  and  property,  and  the 
interest  of  the  fullest  practicable  conservation  and  utiliza¬ 
tion  of  such  waters  for  power  purposes.  47/ 

Under  the  provisions  of  the  Federal  Power  Act, 
which  are  incorporated  by  reference  into  the  license  for 
Project  No.  2000,  the  Power  Authority,  as  well  as  other 
affected  interests,  has  the  right  to  require  that  Project 
No.  2000  continue  to  be  best  adapted  to  a  comprehensive  plan 
for  improving  or  developing  the  St.  Lawrence  River  for  the 
uses  of  commerce,  water  power  development,  and  other  bene¬ 
ficial  public  uses.  48/ 

Any  proposed  winter  navigation  demonstration  pro¬ 
gram  must  accordingly  be  evaluated  in  terms  of  the  foregoing 
legal  rights. 


Respectfully  submitted, 

POWER  AUTHORITY  OF  THE  STATE 
OF  NEW  YORK 


General  Counsel 


OF  COUNSEL: 

BRUCE  C.  McLEAN 
Power  Authority  of  the  State 
of  New  York 
Oneida  County  Airport 
Oriskany,  New  York  13424 

JOHN  C.  MASON 
Morgan,  Lewis  &  Bockius 
1800  M  Street,  N.W. 
Washington,  D.C.  20036 


47/  Id. 

48/  16  U.S.C.  §803 (a)  (1974). 
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INCLOSURE  TO  ATTACHMENT  A 


SUMMARY  OF  POWER  AUTHORITY  OF  THE  STATE  OF 
NEW  YORK  MEMORANDUM  TO  THE  LEGAL  COMMITTEE 
OF  THE  WINTER  NAVIGATION  BOARD 


The  legal  framework  underlying  Power  Authority's 
Project  No.  2000  comprises  a  complex,  interrelated  structure 
of  Federal  and  International  Law  based  upon  the  Federal 
Power  Act  and  the  1909  Convention  Concerning  the  Boundary 
Waters  Between  the  United  States  and  Canada  (1909  Treaty) . 

Under  the  1909  Treaty  the  International  Joint 
Commission  (IJC)  approved,  on  October  29,  1952,  the  con¬ 
struction,  maintenance  and  operation  of  the  works  comprising 
Project  No.  2000  in  accordance  with  the  applications  of  the 
Governments  of  Canada  and  the  United  States.  This  Order  of 
Approval  also  authorized  establishment  of  a  St.  Lawrence 
Joint  Board  of  Engineers  to  review  and  approve  plans, 
specifications  and  programs  of  construction  of  the  project 
and  established  an  International  St.  Lawrence  River  Board  of 
Control  to  insure  compliance  with  the  conditions  of  the  IJC 
Order  of  Approval  concerning  the  flow  of  water  through  the 
International  section  of  the  St.  Lawrence  and  the  discharge 
of  water  from  Lake  Ontario. 

The  IJC  issued  its  approval  upon  several  conditions 
of  great  significance  to  the  winter  navigation  demonstration 
program,  including  (1)  adequate  protection  and  indemnity 
under  Canadian  and  United  States  law  for  all  interests 
injured  through  operation  of  the  works,  and  (2)  operation  of 
the  works  in  a  manner  that  safeguards  the  development  of 
power  below  the  International  Rapids  Section  and  avoids 
restraint  of  uses  given  preference  over  uses  for  power 
purposes  by  the  Treaty,  including  uses  for  domestic  and 
sanitary  purposes  and  navigation  purposes. 

As  approved  by  the  IJC,  Project  No.  2000  was 
designed  to  induce  formation  of  a  stable  ice  cover  and  thus 
was  not  intended  to  accommodate  navigation  during  the  winter 
months.  Ice  cover  formation  was  to  be  accomplished  through 
channel  excavations  upstream  from  the  power  dam  to  lower 
winter  flow  velocities  to  the  point  where  ice  packing  would 
secure  a  cover.  The  utilization  of  ice  booms  as  a  supple¬ 
mentary  control  measure  was  anticipated  as  early  as  1926. 


I 

\ 


Power  Authoricy  was  issued  a  license  under  the 
Federal  Power  Act  for  Project  No.  2000  on  July  15,  1953. 

All  of  the  terms  and  conditions  in  the  Federal  Power  Act 
were  incorporated  therein  by  reference.  .  In  addition, 

Article  19  of  the  License  provides  that  Power  Authority 
shall  comply  with  the  IJC  Order  of  Approval  of  October  29, 
1952,  in  the  design,  construction,  maintenance  and  operation 
of  the  project.  Subsequently,  on  August  3,  1959,  the 
Federal  Power  Commission  (FPC)  ordered  Power  Authority  to 
comply  with  the  foregoing  IJC  Order  of  Approval  as  amended 
by  the  IJC  Order  of  July  2,  1956,  in  the  maintenance  and 
operation  of  the  project.  This  FPC  Order  specified  that 
Power  Authority  is  deemed  in  compliance  if  it  follows 
Regulation  Plan  1958-A  or  any  superseding  plan  of  regulation 
approved  by  the  IJC,  under  the  supervision  of  the  Interna¬ 
tional  St.  Lawrence  River  Board  of  Control. 

Despite  extensive  channel  enlargements  costing  the 
power  entities  nearly  $90  million,  an  ice  jam  formed  during 
the  first  winter  of  operation  which  severely  reduced  flows 
into  Lake  St.  Lawrence  from  Lake  Ontario.  Analysis  showed 
that  floating  ice  booms  offered  the  only  feasible  solution 
to  this  problem.  Therefore,  six  booms,  authorized  by  the 
Joint  Board  of  Engineers  in  1959  and  1960,  are  installed 
each  winter  in  the  International  Rapids  section  to  eliminate 
massive  ice  movement  and  jams  upstream  from  the  Moses- 
Saunders  Power  Dam.  The  booms  were  authorized  subject  to 
the  condition  that  any  significant  modifications  in  design 
or  location  would  require  additional  approval  of  the  Joint 
Board,  Since  this  Board  was  dissolved  in  1963,  the  IJC 
formally  determined  that  these  ice  booms  are  "works"  within 
the  meaning  of  its  Order  of  Approval,  that  Joint  Board 
approvals  would  be  considered  IJC  approvals,  and  that  any 
amendment  thereto  would  require  additional  IJC  approval. 

The  winter  navigation  demonstration  program 
includes  experimentation  with  ice  control  facilities  in  the 
St.  Lawrence  River  and  ship  voyages  extending  beyond  the 
normal  navigation  season.  Such  activities  may  seriously 
impair  the  function  of  Power  Authority's  ice  boom  system  and 
cause  formation  of  dangerous  ice  jams.  Resulting  reduced 
flows  into  Lake  St.  Lawrence  would  lower  its  level,  reduce 
power  output,  and  raise  the  level  of  lake  Ontario  to  flood 
stages  causing  significant  property  damage.  The  Power 
Authority  must  oppose  such  activities  undertaken  without 
prior  adequate  solution  of  the  substantial  legal  problems 
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raised  by  such  proposals.  These  problems  include  additional 
regulatory  approvals  and  consultations  and  provision  for  the 
potential  liabilities  and  rights  of  Power  Authority  and  other 
affected  interests. 

Additional  regulatory  approvals  and  consultations 

include : 

1.  IJC  approval  of  the  entire  winter  navigation 
demonstration  program  as  a  further  use  af¬ 
fecting  the  natural  level  or  flow  of  boundary 
waters  under  Article  III  of  the  1909  Treaty; 

2.  IJC  approval  of  modification  to  the  Power 
Authority's  ice  booms  as  works  under  the  IJC 
Order  of  Approval  of  October  29,  1952; 

3.  FPC  approval  of  changes  in  the  ice  booms  or 
other  works  pursuant  to  condition  (f)  of  the 
IJC  Order  of  Approval. 

4.  Consultation  with  the  Government  of  Canada 
with  respect  to  construction  of  navigation 
works  and  enactment  of  new  laws  affecting 
shipping  on  the  St.  Lawrence  River  pursuant 
to  the  Exchange  of  Notes  between  the  United 
States  and  Canada  on  August  17,  1954; 

5.  FPC  approval  of  substantial  alterations  to 
any  project  works  such  as  the  ice  booms  or 
Lake  St.  Lawrence  pursuant  to  section  10(b) 
of  the  Federal  Power  Act,  Article  3  of  the 
license  for  Project  No.  2000,  and  the  National 
Environmental  Policy  Act  of  1969; 

6.  Appropriate  modification  of  Article  19  of  the 
license,  which  is  enforceable  through  section 
26  of  the  Federal  Power  Act  and  presently 
requires  compliance  with  all  applicable 
provisions  of  the  IJC  Order  of  Approval 
issued  October  29,  1952;  and 

7.  Appropriate  modification  of  the  FPC  Order  of 
August  3,  1959,  requiring  Power  Authority  to 
comply  with  any  currently  effective  regula¬ 
tion  plan. 
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Adequate  provision  for  Power  Authority's  potential 
liabilities  is  mandatory.  Article  19  of  the  license  requires 
Power  Authority  to  compl"  with  the  conditions  of  the  IJC 
Order  of  Approval  requiring  protection  and  indemnity  of  all 
interests  on  either  side  of  the  boundary  injured  by  cons true - 
tion,  maintenance  and  operation  of  the  project  in  accordance 
with,  inter  alia,  the  laws  of  the  United  States.  Under 
section  10(c)  of  the  Federal  Power  Act,  Power  Authority 
could  be  liable  for  damages  caused  to  the  property  of 
others,  including  vested  water  rights  under  State  law,  if  it 
were  to  agree  voluntarily  or  acquiesce  in  removal  or  impairment 
of  the  protection  now  afforded  by  its  ice  booms.  Section 
10(c)  also  explicitly  provides  that  in  no  event  shall  the 
United  States  be  liable  for  such  damages.  There  is  ample 
authority  demonstrating  that  the  courts  will  construe  these 
provisions  to  give  full  indemnity  for  the  destruction  of  or 
interference  with  vested  water  rights  for  power  or  other 
riparian  uses  and  other  recognized  property  interests  caused 
by  maintenance  or  operation  of  a  FPC  licensed  project.  The  ' 
gravity  of  potential  liability  is  underscored  by  the  damage 
recently  caused  by  one  day  of  flooding  on  Lake  Ontario  from 
other  causes.  The  total  damage  estimate  was  alleged  to  be 
approximately  $50  million.  By  contrast,  Power  Authority's 
annual  revenues  from  Project  No.  2000  are  $27  million. 

Adequate  protection  of  Power  Authority's  rights 
and  the  rights  of  others  is  also  required.  Power  Authority 
recognizes  the  precedence  of  navigation  uses  over  power  uses 
under  Article  VIII  of  the  1909  Treaty.  However,  the  IJC 
Order  of  Approval  of  1952  has  established  a  reasonable 
balance  among  such  uses  consistent  with  the  Treaty's  order 
of  precedence.  Changes  in  this  balance  to  facilitate  winter 
navigation  must  be  conditioned  upon  compensation  to  Power 
Authority  for  any  injury  to  its  substantial  power  investment, 
which  is  predicated  upon  the  1952  Order  of  Approval.  Moreover, 
under  Article  VIII  of  the  1909  Treaty  the  IJC  must  condition 
its  approval  of  further  uses  affecting  the  natural  level  or 
flow  of  boundary  waters  upon  adequate  provision  for  the 
protection  and  indemnity  of  all  interests  which  may  be 
injured  thereby.  Such  interests  include  the  right  of  Powei 
Authority  as  a  FPC  licensee  to  utilize  the  hydroelectric 
potential  of  the  St.  Lawrence  River. 
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In  addition  to  its  obligations  as  a  licensee, 

Power  Authority  has  extensive  rights  under  the  Federal  Power 
Act.  The  conditions  of  its  license  may  be  altered  only  upon 
mutual  agreement  between  Power  Authority  and  the  FPC.  No 
subsequent  amendment  of  the  Federal  Power  Act  may  affect  the 
Power  Authority’s  license  or  the  rights  of  Power  Authority 
thereunder.  These  rights  include  Power  Authority's  substan¬ 
tial  financial  interest  in  operating  and  maintaining  the 
project  in  a  mode  that  continues  to  be  best  adapted  to  the 
comprehensive  plan  for  developing  the  St.  Lawrence  River  for 
all  beneficial  public  uses. 


ATTACHMENT  B  TO  APPENDIX  J 

LEGAL  CONSIDERATIONS  RELATIVE  TO  THE 
WINTER  NAVIGATION  PROGRAM  IN  THE  ST.  LAWRENCE  RIVER 


Prepared  By 

Frederick  A.  Bush 
General  Counsel 

Saint  Lawrence  Seaway  Development  Corporation 


April  4,  1975 


INTRODUCTION 


At  the  signing  of  Public  Law  358,  which  brought  Into  existence 
the  Saint  Lawrence  Seaway  Development  Corporation*  Congressman  Dondero, 
a  co-author  of  the  bill,  noted: 

"Mr.  President,  the  people  of  the  United  States, 
through  their  Congress,  have  determined  that  they  will 
participate  with  their  good  neighbor  to  the  north,  Canada, 

In  the  construction  of  the  St.  Lawrence  seaway.  It  has 
been  the  dream  of  many  decades.  It  is  one  of  the  greatest 
waterways  In  the  world,  and  will  be  one  of  the  great  arteries 
of  commerce  in  the  world.  I  think  that  it  will  contribute 
much  to  the  economic  welfare  and  also  to  the  national  defense 
of  both  the  United  States  and  Canada. 

"Mr.  President,  five  of  your  predecessors  advocated 
and  endorsed  the  building  of  the  St.  Lawrence  Seaway.  It 
has  been  delayed  30  or  40  years,  and  now  under  your  great 
leadership  this  mighty  project,  the  master  project  of  the 
North  American  Continent,  is  to  become  a  reality. 

"I  want  to  add  just  one  more  thought,  and  that  is 
this:  that  In  the  days  to  come,  the  American  people,  the 
Canadian  people,  the  Continent  of  North  America,  will 
receive  great  benefit  from  what  we  are  doing  now. 

"I  am  proud  to  be  a  Member  of  the  83d  Congress,  to 
have  had  some  part  in  bringing  this  very  happy  day  about, 
as  chairman  of  the  Committee  on  Public  Works  of  the  House 
of  Representatives. 

"To  you,  Mr.  President,  and  your  administration,  must 
go  the  credit  for  bringing  about  the  beginning  of  this  great 
project.  Only  one  thing  remains  now,  to  make  the  seaway 
an  assured  fact,  and  that  is  your  signature  to  the  bill 
before  you."  (White  House  press  release,  May  13,  1954.) 

It  is  now  recognized  that  in  order  to  fulfill  the  tremendous 

potential  of  the  St.  Lawrence  Seaway  as  envisioned  by  Mr.  Dondero  and 

his  colleagues,  a  method  for  extending  the  period  of  navigation  on 

the  St.  Lawrence  River  must  be  found.  Former  Department  of  Transportation 
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Secretary  Volpe,  in  voicing  his  support  for  increased  emphasis  in  this 
area,  stated: 

***** 

"Our  long-range  goal  in  extending  the  Seaway 
navigation  season  could  perhaps  even  mean  year-round 
operations  of  this  vital  waterway.  This  would  mean 
greater  utilization  of  this  important  mode  of  trans¬ 
portation.  We  believe  lengthening  the  Seaway  season 
is  both  possible  and  feasible.  I  remind  you  the  shipping 
season  on  the  Great  Lakes  originally  lasted  about  seven 
and  a  half  months.  Now  it  is  approximately  ten  months 
long.  We  shall  do  better. 

"The  demand  for  a  longer  season  has  been  most 
evident  during  the  past  few  weeks  when  a  record  number 
of  ships  entered  the  Seaway  —  so  many  in  fact  that  we 
had  to  set  up  special  procedures  to  get  them  out  before 
yesterday's  official  closing.  The  Seaway  is_  in  demand." 

***** 

"This  extension  of  the  Seaway  navigation  season 
Implements  President  Nixon's  demand  for  increased 
utilization  of  our  4th  Seacoast . " 

*  *  *  *  * 

As  part  of  an  Intergovernmental  season  extension  program,  and 
in  furtherance  thereof,  the  Saint  Lawrence  Seaway  Development  Corporation 
(SlSDC)  Installed  a  gate  in  an  ice  boom  belonging  to  The  Power  Authority 
of  the  State  of  New  York  (PASNY),  the  use  of  such  gate,  coupled  with 
limited  ice  breaking,  allowing  the  St.  Lawrence  River  to  be  navigated 
while  at  the  same  time  insuring  the  presence  of  an  ice  cover.  The 
apparent  necessity  for  an  ice  cover  so  as  to  insure  maximum  power  generation 
precipitated  in  the  late  1950'?  the  installation  of  booms  across  the 
navigation  channel  thereby  totally  eliminating  the  navigability  of 
the  river.  The  fruition  of  this  rather  far-reaching  and  progressive 
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proposal  has  not  come  easily  nor  quickly.  In  proclaiming  the  power 
entity's  deep  concern  for  such  activities,  the  Chairman  of  PASNY  has 
stated: 

***** 

"The  Power  Authority  does  not  object  to  extension  of 
the  navigation  season  if  this  can  be  accomplished  without 
disrupting  Ice  control  measures  that  protect  property  owners 
and  power  production  on  the  Niagara  and  St.  Lawrence  rivers. 
However,  we  see  no  acceptable  substitute  for  current  ice 
control  procedures  along  the  St.  Lawrence. 

***** 

"Control  of  ice  for  the  protection  of  all  Interests 
requires  maintenance  of  a  stable  ice  cover  over  the  St. 
Lawrence  River  throughout  the  winter.  This  prevents 
formation  of  additional  ice  in  quantities  that  will 
result  in  jamming  and  flooding  upstream  of  the  jam.  Ice 
booms  have  been  successful  instruments  for  such  controls. 

***** 


"If  the  Power  Authority  is  to  continue  to  share  with 
Ontario  Hydro  the  responsibility  for  operating  the  St. 
Lawrence  project  and  safeguarding  the  rights  of  both 
upstream  and  downstream  interests,  it  must  continue  Ice 
control  procedures  In  which  the  ice  booms  are  closed 
prior  to  the  onset  of  ice  formation  arid  the  booms 
remain  in  place  until  the  reasonable  possibility  of 
ice  movement  and  packing  has  passed  in  the  spring. 

As  indicated  these  procedures  have  not  Interfered 
with  navigation  in  the  past. 

"Before  proceeding  with  ice  breaking  experiments 
that  may  produce  serious  damage  to  other  interests  on 
the  St.  Lawrence  River,  those  involved  should  recognize 
and  assert  their  willingness  to  shoulder  full  legal  and 
financial  responsibility  for  the  effects  of  such 
experimentation  upon  shore  properties,  power  and  other 
interests. 

***** 

"In  summary,  the  Authority  regrets  that  after 
having  given  serious  consideration  and  study  to  the 
proposals  made  by  the  Seaway  Corporation  and  after 
conferring  with  the  Hydro-Electric  Power  Commission 
of  Ontario,  we  have  reached  the  conclusion,  which  to 
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us  seems  Inescapable,  that  Ice  breaking  in  the  St. 

Lawrence  river  would  create  more  problems  than  it  would 
solve."  (Excerpts  of  remarks  made  at  Cleveland,  Ohio, 

May  11,  1971.) 

From  the  foregoing,  it  becomes  clear  that  there  is  a  most  definite 
conflict  between  the  interests  of  power  and  interests  of  navigation. 

(Such  a  conclusion  remains  justifiable  even  though  PASNY  has  modified 
its  position  somewhat.)  It  is  therefore  the  purpose  of  this  paper 
to  discuss  the  legal  ramifications  that  such  a  conflict  does  or  might 
hold  for  the  parties. 

BACKGROUND 

In  order  that  there  might  be  a  more  meaningful  understanding 
of  the  matters  under  consideration,  It  is  believed  that  some  of  the 
background  Information  might  well  be  helpful. 

In  the  heat  of  the  Seaway  controversy,  many  people  have  apparently 
been  lead  to  believe  that  the  Improvement  of  the  St.  Lawrence  River's 
navigability  in  the  1950's  presented  some  entirely  new  questions. 

Actually,  the  upper  St.  Lawrence  had  been  used  for  navigation  for  more 
than  a  hundred  years  as  a  result  of  Improvements  accomplished  by  Canada. 
Furthermore,  at  the  turn  of  the  century,  a  14-foot  system  was  installed 
by  Canada  on  the  lower  St.  Lawrence. 

Turning  to  the  United  States'  activities,  It  Is  noted  that 
as  early  as  1895  the  United  States  Deep  Water  Commission  was  established 
for  the  purpose  of  studying  the  entire  question  of  a  deep  water  route 
from  the  Great  Lakes  to  the  Atlantic  Ocean.  As  a  result  of  this  Commission's 
recommendation,  a  Board  of  Engineers  was  appointed  to  make  a  definite 
survey,  including  the  establishment  of  cost  estimates.  In  1900  this 
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Board  submitted  a  report  which  recommended  the  Improvement  of  the  Interna¬ 
tiona1  Rapids  Section  of  the  St.  Lawrence  River  for  navigation  only, 
without  the  development  of  power. 

In  1909  the  United  States  and  Canada  executed  a  treaty  which, 
together  with  the  creation  of  the  International  Joint  Commission  (IJC) 
whose  function,  In  part.  It  Is  to  exercise  jurisdiction  over  specific 
matters  as  they  pertain  to  the  boundary  waters,  reiterated  the  national 
policy  of  both  countries  that  navigation  on  the  effected  waters  should 
"...forever  continue  free  and  open  for  the  purposes  of  commerce  to 
the  Inhabitants,  and  to  the  ships,  vessels,  and  boats  of  both  countries 
equally...".  (Art.  I,  Boundary  Waters  Treaty  of  1909,  36  Stat.(Part  2)2448) 

In  1919  Congress  expressed  the  desire  for  an  Investigation 
by  the  IJC  regarding  the  Improvement  of  the  St.  Lawrence  River  between 
Lake  Ontario  and  Montreal.  A  Joint  Engineering  Board  was  established 
and  a  report  rendered  in  1921,  a  report  now  commonly  referred  to  as 
the  Wooten-Bowden  Report.  (Senate  Document  No.  179,  67th  Cong.  2nd 
Session.)  Some  of  the  principal  conclusions  and  recommendations  of 
this  report  are  as  follows: 

1.  Permanent  Improvements,  with  low  up-keep  cost,  for  naviga¬ 
tion  could  be  installed  In  that  portion  of  the  St.  Lawrence  River  between 
Montreal  and  Lake  Ontario  but  these  improvements  alone  were  not  recommended 
because  of  the  great  loss  which  would  result  from  the  failure  to  develop 
potential  hydroelectric  power  within  the  reach. 

2.  A  total  development  of  this  vast  quantity  of  power,  however, 
was  not  justified  because  of  a  lack  of  market  and  it  was  therefore 
recommended  that  only  a  part  of  the  power  potential  be  developed  at 
that  time. 
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3.  A  sound  method  of  procedure  would  be  the  development  of 
the  International  Rapids  Section  for  navigation  and  power,  providing 
for  a  25-foot  navigation  channel  with  30-foot  depths  over  the  lock 
sills;  and  the  development  of  the  other  sections  for  navigation  only, 
postponing  the  development  of  power  to  a  future  time  as  the  need  arose. 

The  Wooten-Bowden  Report  further  contemplated  construction 
of  power  houses  at  a  dam  across  the  river  at  the  downstream  end  of 
Long  Sault  Island,  with  a  control  dam  located  in  the  vicinity  of  Ogden 
Island  to  regulate  the  outflow  from  Lake  Ontario  and  to  provide  satisfac¬ 
tory  navigation  between  the  control  dam  and  Chimney  Point. 

Subsequently,  in  1921,  the  IJC  held  public  hearings  on  the 
subject  of  the  Improvement  of  the  International  Section  of  the  St. 
Lawrence  River  at  which  time  several  alternative  plans  were  presented. 
That  same  year  the  IOC  submitted  Its  report  which  contained  the  following 
general  recommendations: 

1.  United  States  and  Canada  should  enter  into  an  agreement 

by  way  of  a  treaty  for  the  improvement  of  the  St.  Lawrence  River  between 
Montreal  and  Lake  Ontario  based  upon  the  Wooten-Bowden  Report;  and 

2.  The  new  Welland  Ship  Canal  should  be  embodied  In  the  scheme 
of  the  treaty  and  made  a  part  thereof. 

In  1924  the  St.  Lawrence  Commission  was  established.  At  the 
same  time,  the  Joint  Board  of  Engineers,  consisting  of  three  members 
from  each  country,  was  created  to  act  with  this  new  Commission  to  study 
all  phases  of  the  problem.  In  November  of  1926  it  submitted  its  report. 
While  the  members  of  the  Joint  Board  of  Engineers  could  not  agree  upon 
a  plan  for  the  complete  development  of  the  International  Rapids  Section 
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of  the  St.  Lawrence  River,  this  report  contains  much  valuable  material 
'v-  and  has  been  the  basis  for  all  subsequent  studies  of  this  project. 

In  this  regard,  It  Is  Interesting  to  note  the  preferential  treatment 
afforded  navigation  In  the  wording  of  paragraph  109  of  the  report  wherein 
the  basic  guidelines  were  set  forth: 

"109.  Fundamental  Principles.  The  plans  have  been 
prepared  In  accordance  with  the  recognized  principle  that 
tfie  interests  of  navigation  on  the  $t.  Lawrence  are  paramount. 

A  full  observance  of  this  principle  does  not  interfere  with  the 
beneficial  use  of  the  flow  of  the  river  for  power  generation. 

On  the  contrary,  the  improvement  of  the  rapid  sections  of  the 
river  for  the  joint  benefit  of  navigation  and  power  affords,  as 
a  rule,  much  better  navigation  than  could  be  secured  by  the 
Improvement  now  economically  justifiable  in  the  Interest  of 
navigation  alone."  (Emphasis  added) 

Under  the  heading  of  "Power",  the  report  goes  on  to  state  that: 

:,116...The  Interests  of  navigation  require  that  the 
flow  down  the  St.  Lawrence  be  maintained  with  a  high  degree 
of  uniformity  to  permit  the  maximum  use  of  water  for  power  by 
fluctuating  the  hourly  flow  to  meet  fluctuating  power  demand." 

While  recognizing  that  the  laws-^  of  the  United  States  place  the  rights 

of  navigation  above  all  other  in  the  use  of  the  navigable  waters  of  the 

United  States,  one  cannot  and  should  not  overlook  the  desirability,  if 

there  Is  true  compatibility,  of  developing  both  the  navigation  and  power 

potential  of  a  waterway.  To  this  end  the  report  treated  at  some  length 

the  advantages  of  a  winter  ice  cover,  resulting  in  the  conclusion  that:  . 

"106.(5)  During  the  winter  months  of  January, 

February  and  March,  the  discharge  capacity  of  the  river 
will  be  reduced  to  an  amount  materially  below  that 
possible  during  open  river  months.  The  successful 
operation  of  power  plants  on  the  river  requires  the 
creation  and  preservation  of  an  ice  cover  whenever 


iy  See  Chapter  9,  33  U.S.C.  401-466  as  indication  of  Congressional  con¬ 
cern  for  the  protection  and  promotion  of  the  navigable  waters  of  the 
United  States. 
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It  can  be  secured  at  reasonable  expense.  Since  the 
formation  of  an  ice  cover  depends  upon  currents  of 
sufficiently  low  velocities,  the  proper  winter  operation 
of  the  power  plants  requires  that  the  discharge  be  restricted." 

The  report  went  on  to  recommend  that  in  order  to  create  this 

ice  cover,  artificial  islands  in  shoal  water  might  be  constructed  or 

as  an  alternative,  booms  might  be  employed.  It  must  be  remembered, 

however,  that  all  recommendations  are  to  be  read  in  light  of  the  fundamental 

principle  that  navigation  on  the  St.  Lawrence  is  to  be  preserved  and 

fostered;  otherwise,  paragraph  109  is  meaningless. 

The  report  did,  as  shown  below,  discuss  very  briefly  the  possibility 

of  year-round  navigation.  The  following  is  this  discussion  in  total: 

"150.  Alternative  Plans  Considered.  Of  the  various 
alternative  plans  for  the  improvement  of  the  International 
Rapids  Section  submitted  to  the  International  Joint  Commission 
in  1921,  the  one  requiring  especial  consideration  at  this  time 
is  that  for  navigation  and  power  development  proposed  by  the 
Hydro-Electric  Commission  of  Ontario  and  designated  as  Scheme 
1 B 1 .  This  provided  for  a  two-stage  development  broadly  on  the 
same  lines  as  those  proposed  by  the  Canadian  Section  herein, 
except  that  the  lower  pool  was  to  be  held  at  elevation  210, 
or  14  feet  below  the  elevation  proposed  in  this  report.  At 
this  low  elevation  a  large  amount  of  excavation  would  be 
required  to  secure  suitable  channels  for  navigation  through 
the  lower  pool;  and  an  enlargement  to  secure  the  low  velocities 
regarded  as  necessary  for  satisfactory  ice-covered  winter 
operation  would  be  excessively  costly,  and  was  not  contemplated 
by  the  proponents.  On  the  other  hand,  the  higher  head  at  the 
Ogden  Island  power  plants,  amounting  to  about  30  feet,  reduced 
materially  the  cost  per  horse-power  of  development  of  the 
upper  head. 

"151.  The  operation  of  this  scheme  was  based  on 
maintaining  an  open  channel  through  the  river  during  the 
winter,  and  only  such  channel  enlargements  were  proposed 
as  would  be  necessary  for  navigation?-  (Emphasis  added"]" 

"152.  The  cost,  on  estimates  paralleling  those 
herein  presented  for  a  single-stage  and  two-stage  develop¬ 
ment,  would  be  $254,000,000. 

"153.  The  studies  of  the  Board,  and  its  investiga¬ 
tions  of  power  plants  operating  under  similar  cl  imp t i c 
conditions,  show  conclusively  that  it  is  neither  reasfble 


nor  desirable  to  maintain  an  open  channel  through  this 
section  In  winter  when  It  is  improved  for  power.  Even 
with  the  present  current  velocities  the  ice  has  at  various 
times  caught  across  the  river  in  the  quieter  reaches  of 
the  section,  starting  an  ice  pack  which  quickly  attained 
large  proportions  and  raised  the  river  level  by  as  much 
as  10  feet.  The  likelihood  of  the  ice  catching  to  form 
ice  jams  would  be  increased  after  the  river  has  been 
improved,  on  account  of  the  greatly  reduced  current 
velocities.  It  is  certain  that  an  open  channel  through 
this  35-mile  stretch  could  not  be  maintained  without 
Tee  breakers;  and  all  experience  shows  that  a  reasonable 
number  of  ice  breakers  could  not  be  depended  upon  to 
keep  open  continuously  so  1 ong  a  channel  under  these 
conditions.  If,  however,  an  open  channel  were  mainta 1 ned 
by  such  means,  the  accumulation  of  ice  below  the  power 
houses  of  the  lower  pool  at  Barnhart  Island  would  raise 
the  tail -water  level  at  these  power  houses  to  such  an 
extent  that  their  output  would  be  greatly  curtailed." 

(Emphasis  added) 

The  reasonable  conclusion  to  be  drawn  from  this  discussion  is 
not  that  navigation  lost  its  place  of  prominence  over  power  during  January, 
February  and  March,  but  rather  that  the  technology  of  the  day  precluded 
the  feasibility  of  maintaining  an  open  channel  during  this  period. 

Lacking  the  technical  capacity  to  provide  for  navigation  in  January, 
February  and  March,  It  is  indeed  logical  for  the  drafters  to  propose 
methods  for  the  most  beneficial  use  of  the  waters.  Obviously,  from 
the  wording  of  paragraph  153,  a  completely  different  conclusion  would 
have  been  possible  and  probable  had  the  ice  breaking  and  ice  control 
capability  been  available. 

Although  there  were  intervening  reports,  the  next  significant 
discussion  of  the  problem  occurred  in  1939  when  engineers  of  the  Canadian 
Department  of  Transport  developed  what  was  called  "238-242  Controlled 
Single  Stage  Project".  In  1940,  the  Canadian  Temporary  Great  Lakes- 
St.  Lawrence  Basin  Committee  and  the  United  States  St.  Lawrence  Advisory 
Committee  were  established  and  in  1941,  they  recommended  that  the  "238-242 
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Controlled  Single  Stage  Project"  was  "...the  best  from  an  engineering 
and  economic  point  of  view  bearing  in  mind  the  requirements  of  navigation 
and  power  and  the  protection  of  the  down-river  interests." 

Following  the  submission  of  this  report  on  March  19,  1941,  an 
executive  agreement  was  signed  by  the  governments  of  the  United  States 
and  Canada  providing  for  the  construction  of  dams  and  power  works  in 
the  International  Rapids  Section  and  for  the  completion  of  a  deep  waterway 
throughout  the  Great  Lakes-St.  Lawrence  River  system.  The  text  of  this 
agreement  was  then  submitted  to  Congress;  however,  the  bill  was  not 
passed. 

The  Corps  of  Engineers,  acting  under  a  1940  Executive  Order 
No.  8568,  conducted  a  study  on  the  proposed  navigation  and  hydro  power 
developments  in  the  International  Rapids  Section.  This  report  in  discussing 
the  relative  merits  and  feasibility  of  the  "Controlled  Single  Stage 
Project  (238-242)"  readily  recognized  the  prominency  afforded  navigation 
as  evidenced  by  the  requirement  of  the  "Project"  that  the  14-foot  navigation 
channel  on  the  Canadian  side  of  the  work  site  not  be  interrupted  during 
the  construction  phase.  (Great  importance  was  placed  by  the  Canadian 
members  of  the  Joint  Board  of  Engineers  on  this  requirement  In  evaluating 
construction  plans  and  procedures  submitted  by  the  power  entities.) 

In  the  ensuing  years,  further  unsuccessful  attempts  were  made 
to  secure  the  enactment  of  necessary  laws  which  would  authorize  the 
United  States'  participation  in  the  project.  In  1951  Canada  announced 
that  it  was  prepared  to  undertake  the  construction  of  the  Seaway  as 
an  entirely  Canadian  project  unless  the  United  States  was  willing  to 
proceed  along  the  lines  laid  out  by  the  Agreement  of  1941.  In  1952, 
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the  Governments  of  the  United  States  and  Canada  made  application  to 
the  IJC  for  permission  under  the  provisions  of  the  Boundary  Waters  Treaty 
of  1909  for  construction  and  operation  of  certain  power  works  as  set 
forth  in  the  "Controlled  Single  Stage  Project  238-242".  The  Order  of 
Approval  was  issued  by  the  IJC  in  1952. 

On  July  15,  1953,  the  Federal  Power  Commission  (FPC),  under 
the  provisions  of  Section  4(e)  of  the  Federal  Power  Act  (33  U.S.C.  791- 
828)  issued  a  license  to  the  Power  Authority  of  the  State  of  New  York 
for  the  construction,  operation  and  maintenance  of  the  power  facilities 
in  the  International  Rapids  Section  of  the  St.  Lawrence  River. 

Subsequently,  the  Saint  Lawrence  Seaway  Development  Corporation 
created  in  1954,  was  authorized  and  directed  to  construct  "...in  United 
States  territory  deep  water  navigation  works  substantially  in  accordance 
with  the  'Controlled  Single  Stage  Project  238-242' .. .designated  as  'works 
solely  for  navigation'  in  the  joint  report  dated  January  3,  1941,  of 
the  Canadian  Temporary  Great  Lakes-St.  Lawrence  Basin  Committee  and 
the  United  States  St.  Lawrence  Advisory  Committee,  in  the  International 
Rapids  Section  of  the  St.  Lawrence  River  together  with  necessary  dredging 
in  the  Thousand  Islands  Section...". 

In  1956  the  IJC  supplemented  its  1952  Order  of  Approval,  whereunder 
a  new  criteria  for  the  maximum  mean  velocity  of  the  St.  Lawrence  River  and 
the  outflow  from  Lake  Ontario  were  established. 

In  1959  PASNY  made  application  to  the  St.  Lawrence  River  Joint  Board 
of  Engineers,  a  body  created  by  the  IJC,  and  the  Corps  of  Engineers, 
for  permission,  which  was  subsequently  granted,  to  install  ice  booms 
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in  the  St.  Lawrence  River.  In  1960  PASNY  requested  permission  to  install  an 
additional  boom  which  permission  was  also  granted. 

The  SLSDC  has  proposed  to  construct  and  operate  a  gate  in  one 
of  these  booms  so  as  to  eliminate  the  Impediment  the  boom  presently 
presents  to  continuous  navigation  of  the  St.  Lawrence  River.  PASNY 
has  been  most  reluctant  to  participate  or  to  actively  and  constructively 
cooperate  in  this  demonstration  project. 


DISCUSSION 

Having  set  out  a  number  of  the  pertinent  events  leading  up  to 
the  matter  under  consideration,  a  more  detailed  discussion  is  now  possible. 
At  this  late  date  it  Is  conclusively  held  that: 

"The  power  of  the  United  States  over  its  waters 
which  are  capable  of  use  as  interstate  highways  arises 
from  the  commerce  clause  of  the  Constitution,  art.  1, 

§8,  cl.  3.  'The  Congress  shall  have  Power  *  *  *  To 
regulate  Commerce  *  *  *  among  the  several  States.' 

It  was  held  early  in  our  history  that  the  power  to 
regulate  commerce  necessarily  included  power  over 
navigation.  To  make  its  control  effective  the  Congress 
may  keep  the  ‘navigable  waters  of  the  United  States' 
open  and  free  and  provide  by  sanctions  against  any 
Interference  with  the  country's  water  assets.  It  may 
legislate  to  forbid  or  license  dams  in  the  waters;  its 
power  over  Improvements  for  navigation  in  rivers  Is 
'absrlute'."  (U.S.  v.  Appalachian  Electric  Power  Co., 

311  U.S.  377,  at  para.  404  and  405,  61  S.Ct.  291,  at  p.  298 
(1940)  and  citations  contained  therein.) 

In  holding  that  commerce  included  navigation,  the  Supreme  Court 
in  U.S.  v.  Chandler-Dunbar  Water  Power  Co.,  229  U.S.  53,  (1912)  quoted 
with  favor  from  one  of  its  previous  decisions: 

"The  power  to  regulate  commerce  comprehends 
the  control  for  that  purpose,  and  to  the  extent 
necessary,  of  all  the  navigable  waters  of  the  United 
States  which  are  accessible  from  a  state  other  than 
those  in  which  they  lie.  For  this  purpose  they  are 
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the  public  property  of  the  nation,  and  subject  to 
all  the  requisite  legislation  by  Congress.  This 
necessarily  includes  the  power  to  keep  them  open  and 
free  from  any  obstructions  to  their  navigation,  inter¬ 
posed  by  the  states  or  otherwise;  to  remove  such 
obstructions  when  they  exist;  and  to  provide,  by 
such  sanctions  as  they  may  deem  proper,  against  the 
occurrence  of  the  evil  and  for  the  punishment  of 
offenders.  For  these  purposes,  Congress  possesses 
all  the  powers  which  existed  in  the  states  before 
the  adoption  of  the  national  Constitution,  and  which 
have  always  existed  In  the  Parliament  in  England."  (Gilman  v. 
Philadelphia,  3  Wall.  713,  724,  18  L.ed.  96,  99.) 

The  prominent  position  held  wy  navigation  Is  clearly  manifested 

by  the  court  In  Gibson  v.  United  States,  166  U.S.  269,  41  L.  ed.  996, 

17  S.  CT.  578  when  it  wrote: 

"All  navigable  waters  are  under  the  control  of 
the  United  States  for  the  purpose  of  regulating  and 
improving  navigation,  and  although  the  title  to  the 
shore  and  submerged  soil  is  in  the  various  states  and 
individual  owners  under  them.  It  is  always  subject  to 
the  servitude  In  respect  of  navigation  created  in 
favor  of  the  Federal  Government  by  the  Constitution." 

The  last  two  cases  are  cited  for  the  purpose  of  reflecting  the 

judicial  thinking  which  was  present  at  the  time  of  the  drafting  of  the 

Boundary  Waters  Treaty  of  1909.  There  is  nothing  in  this  agreement 

which  alters  the  United  States'  legislative  and  judicial  concern  for 

the  preservation  and  promotion  of  navigation  but  there  is,  rather,  an 

embodiment  of  this  national  concern. 

At  the  outset  the  contracting  parties  established  the  basic 

principle  that  navigation  on  the  boundary  waters  was  to  remain  "...free 

and  open  for  the  purpose  of  commerce...". 

More  specifically,  Article  III  of  the  Treaty  provides: 

"...that,  in  addition  to  the  uses,  obstructions,  and  diver¬ 
sions  heretofore  permitted  or  hereafter  provided  for  by 
special  agreement  between  the  Parties  hereto,  no  further 
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or  other  uses  or  obstructions  or  diversions,  whether  temporary 
or  permanent,  of  boundary  waters  on  either  side  of  the  line, 
affecting  the  natural  level  or  flow  of  boundary  waters  on 
the  other  side  of  the  line,  shall  be  made  except  by  authority 
of  the  United  States  or  the  Dominion  of  Canada  within  their 
respective  jurisdictions  and  with  the  approval,  as  hereinafter 
provided,  of  a  joint  commission,  to  be  known  as  the  International 
Joint  Commission." 

It  was  not  the  intent  of  this  Article  to  prevent  either  country 
from  undertaking  and/or  carrying  out  government  works  such  as  deepening 
of  channels,  construction  of  breakwaters,  the  improvement  of  harbors, 
etc.  for  the  benefit  of  commerce  and  navigation  provided  that  these  works 
did  not  materially  affect  the  level  or  the  flow  of  the  boundary  waters 
nor  interfere  with  the  ordinary  use  of  such  waters  for  domestic  and  sanitary 
purposes. 

Under  Article  IV  of  the  Treaty,  the  IJC,  except  in  cases  provided 
for  by  special  agreement,  was  given  the  authority  to  approve  the  construction 
or  maintenance  of  any  remedial  or  protective  works  or  dams  or  other  obstruc¬ 
tions  in  the  waters  flowing  from  the  boundary  waters  or  waters  at  a  lower 
level  than  the  boundary  waters  and  rivers  flawing  across  the  boundary, 
the  effect  of  such  works  being  to  raise  the  material  level  of  the  waters 
on  the  other  side  of  the  boundary. 

Under  Article  VIII,  the  Treaty  created  the  IJC  and  gave  it  jurisdic¬ 
tion,  as  previously  noted,  over  all  cases  involving  the  use,  obstruction 
or  diversion  of  the  waters  covered  by  Articles  III  and  IV. -  In  carrying 

out  its  responsibilities,  the  IJC  was  and  is  to  be  governed  by  the  following 
order  of  precedence  in  the  use  of  boundary  waters: 


2/  It  should  be  remembered  that  the  Treaty  specifically  provided  that  the 
parties  may,  by  special  agreement,  construct  certain  facilities  which 
would  not  require  IJC  approval. 
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"(1)  Uses  for  domestic  and  sanitary  purposes; 

"(2)  Uses  for  navigation,  including  the  service  of  canals 
for  the  purposes  of  navigation; 

"(3)  Uses  for  power  and  for  irrigation  purposes." 

Article  VIII  goes  on  to  state  that  in  a  case  involving  the  elevation 
of  the  natural  level  of  waters  "as  a  result  of  the  construction  or  maintenance 
of  remedial  or  protective  works  or  other  obstructions  in  the  boundary 
waters",  the  IJC,  as  a  condition  of  its  approval  thereof,  shall  require 
"suitable  and  adequate  provision. . .for  the  protection  and  indemnity  of 
all  interests  on  the  other  side  of  the  [boundary]  line  which  may  be  injured 
thereby."  (It  is  noted  that  the  treaty  further  provides  fpr  the  submission 
by  the  Government  to  the  IJC  of  matters  of  difference;  organizational 
items;  etc.  which  provisions  are  not  relevant  to  the  subject  matter  of 
this  paper.) 

From  the  foregoing  it  seems  fairly  clear  that,  in  the  absence 
of  a  special  agreement,  the  IJC  has  been  given  the  responsibility  of 
regulating,  within  the  guidelines  enumerated  in  the  Treaty,  the  flow 
and  level  of  boundary  waters. 

Limitation  of  time  has  prevented  an  extensive  review  of  cases 

interpreting  the  provisions  of  this  treaty;  however,  a  1964  decision, 

Power  Authority  of  the  State  of  N.Y.  v.  Federal  Power  Commission,  339 

F.2d  269 ,  Cert.  den.  381  U.S.  935,  is  believed  to  be  indicative  of  the 

prevai’^g  judicial  treatment.  In  claiming  an  exemption  from  the  payment 

of  annual  charges  levied  by  the  FPC,  PASNY  alleged  "...that  the  project 

in  which  it  was  engaged  was  primarily  designed  to  Improve  navigation, 

and  it  also  claimed  that  the  power  it  produced  was  either  used  by  it 

for  state  or  municipal  purposes  or  was  sold  ultimately  to  the  public 
without  profit."  In  holding  against  PASNY,  the  court  stated: 
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"The  Power  Authority  worked  only  on  those  portions 
of  the  overall  St.  Lawrence  River  program  that  were  \J, 

designated  in  the  1940  report  as  being  primarily  for  power, 
or  common  to  power  and  navigation,  and  never  on  those 
portions  which  were  designated  as  solely  for  navigation. 

Furthermore,  the  authorizations  granted  to  the  Power 
Authority  by  the  International  Joint  Commission,  the 
President  of  the  United  States,  and  the  Federal  Power 
Commission  refer  almost  exclusively  to  the  production 
of  hydro-electric  power.  Even  the  Power  Authority 
concedes  that  one-fifth  of  its  construction  costs  were 
for  works  that  only  benefited  power  production. 

"The  Power  Authority  claims  that  the  authorizations 
it  was  granted  nevertheless  gave  primacy  to  navigational 
improvements.  It  points  to  the  fact  that  the  1909  treaty 
on  the  development  of  boundary  waters  expressly  preferred 
uses  for  navigation  to  uses  for  power,  and  that  both  the 
International  Joint  Commission  and  the  Federal  Power 
Commission  recognized  this  preference  as  binding  upon 
them  when  they  issued  their  approval  orders  and  provided 
for  the  implementation  of  those  orders.  But  those 
expressions  of  navigational  preference  need  only  mean 
that  in  case  of  conflict  power  production  must  give  way 
to  unimpeded  navigation.  They  no  more  prove  that  the 
primary  purpose  of  the  project  was  to  facilitate  navigation 
than  a  provision  for  a  draw  on  a  bridge  over  the  St. 

Lawrence  would  prove  that  the  primary  purpose  of  the 
bridge  was  to  aid  navigation. 

"The  Power  Authority  also  contends  that  most  of 
the  major  features  of  the  project  aid  navigation  as  well 
as  aid  in  the  production  of  power;  that  they  would  have 
been  designed  differently,  and  less  expensively,  were  it 
not  for  the  aim  of  promoting  navigation;  and  that  these 
features  have  at  times  been  operated  contrary  to  the 
interest  of  power  production  in  order  to  advantage 
navigation.  Assuming  that  all  these  contentions  are 
true,  again  they  need  prove  no  more  than  that  ease  of 
shipping  is  an  important  secondary  value  of  the  project 
and  at  times  should  be  given  the  right  of  way.  The 
Commission  was  not  required  to  regard  these  contentions 
as  conclusive  of  the  fact  that  the  project  was  designed 
primarily  for  navigation." 

Recognizing  that  construction  of  the  power  works  in  the  International 
Section  would  indeed  affect  the  flow  of  the  St.  Lawrence  River  and  the 
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level  of  Lake  Ontario,  the  United  States  Government  made  an  application, 

as  did  the  Canadian  Government,  to  the  IJC  requesting  approval  for  the 

construction  and  operation  of  such  works.  The  works,  as  has  been  previously 

indicated,  were  those  designated  within  the  plan  known  as  "Controlled 

Single  Stage  Project  (238-242)"  and,  as  provided  in  Article  10  of  the 

application,  were  to  be  desioned,  constructed,  operated  and  maintained 

in  accordance  with  the  following  conditions: 

"a.  All  main  features  of  the  project  described  herein 
shall  be  so  planned,  located,  constructed,  and  operated 
as  to  be  adaptable  to  the  Improvement  of  the  International 
Rapids  Section  of  the  St.  Lawrence  River  for  navigation' 
purposes,  to  the  aid  and  benefit  of  commerce  and  navigation, 
and  to  the  preservation  of  the  rights  and  interests  of  the 
United  States  and  Canada  in  the  waters  of  the  International 
Rapids  Section  of  the  St.  Lawrence  River  under  the  Boundary 
Waters  Treaty  of  1909.  The  works  shall  be  operated  and  main¬ 
tained  in  conformity  with  the  requirements  of  the  prior 
rights  and  Interests  of  navigation  on  the  St.  Lawrence~k1ver 
ana  in  such  a  manner  as  to  protect  the  rights  and  interests 
of  others  engaged  in  the  development  of  power  in  the  river 
below  the  International  Rapids  Section.  The  maintenance 
and  operation  of  the  works  on  the  United  States  side  of 
the  International  Boundary  shall  be  subject  to  the  super¬ 
vision  of  the  United  States.  [Emphasis  added] 

***** 

"d.  A  'Board  of  Control'  (referred  to  hereinafter  as  the  Board) 
consisting  of  an  equal  number  of  representatives  of  the  United 
States  and  Canada  shall  be  established  by  the  International 
Joint  Commission.  The  duties  of  the  Board  shall  be  to  ensure 
compliance  with  the  conditions  in  regard  to  the  regulation  of 
the  discharge  from  Lake  Ontario  and  the  flow  through  the 
International  Rapids  Section  as  set  forth  hereinbefore,  and 
to  carry  out  such  other  d,u’-  «  as  may  be  delegated  to  it  by 
the  international  Joint  Co  /n." 

***** 

From  the  above  quoted  conditions,  it  is  abundantly  clear  that 
the  power  works  were  intended  to  be  designed,  planned,  located,  constructed 
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and  operated  so  as  to  facilitate  the  improvement  of  the  river  for  navigation. 
Furthermore,  the  power  facilities  were  to  be  an  aid  and  benefit  to  commerce 


and  navigation.  It  was  apparently  contemplated  that  the  power  entity 

would  have  the  responsibility  of  undertaking  an  active,  not  passive 

or  obstructionary,  role  in  the  furtherance  of  the  interest  of  navigation. 

Finally,  there  can  be  little  question  that  it  was  the  position  of  the 

United  States  Government  that  navigation  had  "...prior  rights  and  Interests..." 

on  the  St.  Lawrence  River  and  that  the  power  works  must  be  operated 

and  maintained  in  conformity  with  those  requirements.  A  reading  of 

the  Canadian  application  reflects  total  concurrence  with  the  United 

States'  position. 

In  approving  the  United  States  application,  the  Order  of  Approval 
issued  in  1952  authorized  construction  of  the  power  works  subject  to 
certain  conditions,  namely: 

"(a)  All  interests  on  either  side  of  the  international 
boundary  which  are  injured  by  reason  of  the  construction, 
maintenance,  and  operation  of  the  works  shall  be  given  suitable 
and  adequate  protection  and  indemnity  in  accordance  with  the 
laws  in  Canada  or  the  Constitution  and  laws  in  the  United 
States,  respectively,  and  in  accordance  with  the  requirements 
of  Article  VIII  of  the  treaty. 


"(b)  The  works  shall  be  so  planned,  located,  constructed, 

maintained,  and  operated  as  not  to  conflict  with  or  restrain 

uses  of  the  waters  of  the  St.  Lawrence  River  for  purposes  given 
preference  over  uses  of  water  for  power  purposes  by  the  treatyT 
namely,  uses  for  domestic  and  sanitary  purposes  ana  uses  for 
navigation,  including  the  service  of  canals  for  the  purposes  of 
navigation,  and  shall  be  so  planned,  located,  constructed, 

maintained,  and  operated  as  tO'give  effect  to  the  provisions 

of  this  order.  [Emphasis  added] 


"(c)  The  works  shall  be  constructed,  maintained,  and 
operated  in  such  manner  as  to  safeguard  the  rights  and  lawful 
interests  of  others  engaged  or  to  be  engaged  in  the  develop¬ 
ment  of  power  in  the  St.  Lawrence  River  below  the  International 
Rapids  section. 
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"(d)  The  works  shall  be  so  designed*  constructed,  main¬ 
tained,  and  operated  as  to  safeguard  so  far  as  possible  the 
rights  of  all  Interests  affected  by  the  levels  of  the  St. 

Lawrence  River  upstream  from  the  Iroquois  regulatory  structure 
and  by  the  levels  of  Lake  Ontario  and  the  lower  Niagara  River; 
and  any  change  In  levels  resulting  from  the  works  which  In¬ 
juriously  affects  such  rights  shall  be  subject  to  the  require¬ 
ments  of  paragraph  (a)  relating  to  protection  and  Indemnification." 

*  *  *  *  * 

While  not  employing  the  verbatim  language  In  the  Order  of  Approval 
that  was  contained  In  Article  10  of  the  United  States  application,  the 
clear  Intention  to  afford  to  navigation  superior  rights  regarding  the 
use  of  the  waters  of  the  St.  Lawrence  River  Is  contained  In  the  above- 
quoted  paragraph  (b). 

In  addition  to  establishing  the  velocity  of  the  St.  Lawrence 
River  and  the  outflow  and  levels  of  Lake  Ontario,  the  Order  created 
the  International  St.  Lawrence  River  Board  of  Control  and  made  reference 
to  "...the  establishment  by  the  Governments  of  Canada  and  of  the 
United  States  of  a  Joint  Board  of  Engineers  to  be  known  as  the  St. 

Lawrence  River  Joint  Board  of  Engineers..."^  It  was  the  responsibility 
of  the  Joint  Board  of  Engineers  to  review,  coordinate  and.  If  both 
governments  so  authorized,  approve  the  plans  and  specifications 
of  the  works  and  programs  for  construction.  The  Board  of  Control 
had  the  responsibility,  upon  the  completion  of  the  works,  to  Insure 
that  the  provision  of  the  approval  Order  "...relating  to  water  levels, 


3 /  <It  should  be  noted  that  the  Board  of  Control  was  created  by  the  IJC  and 
therefore  a  Board  directly  responsible  to  the  IJC  and  in  fact,  an  arm  of 
the  IJC.  The  Joint  Board  of  Engineers  was  not  so  established  for  it 
found  its'  birthright  in  the  application  of~tfie  two  governments  and  did  not 
act  in  behalf  of  the  IJC  but  were  rather  the  agents  of  their  respective 
governments.  Furthermore,  membership  to  the  U.S.  portion  of  the  Joint 
Board  was  accomplished  by  Presidential  order. 
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the  regulation  and  the  discharge  of  water  from  Lake  Ontario  and  the  flow 
of  water  through  the  International  Rapids  section. . .will  be  complied  with."  ( 

In  carrying  out  its  responsibilities  under  the  Order,  the  Joint  Board 
of  Engineers  issued  a  statement  regarding  their  duties  and  operation. 

Therein,  the  Board  wrote  that  In  accomplishing  their  task  "...the  dominant 
considerations..."  were  to: 

"a.  Assure  that  the  design  and  construction  of  the 
power  works  make  adequate  provisions  for  the  needs  of  present 
and  future  navigation  on  the  International  Rapids  Section, 

St.  Lawrence  River,  and  above  and  below. 

"b.  Assure  that  the  works  shall  be  so  designed  and 
constructed  as  to  safeguard  the  rights  of  all  interests  of 
others  engaged,  or  to  be  engaged,  in  the  development  of  power 
in  the  St.  Lawrence  River  below  the  International  Rapids 
Section. 

"c.  Assure  that  the  works  shall  be  so  designed  and 
constructed  as  to  safeguard  so  far  as  possible  the  rights 
of  all  interests  affected  by  the  levels  of  the  St.  Lawrence 
River  upstream  from  the  Iroquois  regulatory  structure  and 
by  levels  of  Lake  Ontario  and  the  lower  Niagara  River;  like¬ 
wise  to  assure  that  adequate  provision  is  made  for  the 
discharge  and  stages  of  water  In  the  International  Rapids 
Section  during  construction. 

"d.  Assure  that  safety  and  adequate  provisions 
against  maloperation  are  Inherent  in  all  structural  elements 
including  embankments  during  construction." 

Again,  the  prominent  position  of  navigation  is  not  only  recognized  but 

positive  procedures  were  developed  to  assure  the  preservation  of  this 

position. 


Before  leaving  the  Order  of  Approval,  it  should  be  noted  that 
the  IJC's  approval  did  not  authorize  the  construction  of  navigation  works 
nor  did  either  Government  request  permission  from  the  IJC.  This  particular 
subject  was  discussed  at  hearings  before  the  Senate's  Subcommittee  of 


JB-20 


the  Committee  on  Foreign  Relations  when  that  body  was  considering  S.  589 
which  subsequently  became  Public  Law  358.  The  following  transpired  between 
Senator  Humphrey  and  Mr.  N.  R.  Danielian,  Executive  Vice  President  of 
the  Great  Lakes -St.  Lawrence  Association: 

"SENATOR  HUMPHREY.  Mr.  Danielian,  you  are  an  expert  In 
this  field,  you  studied  the  law.  Do  you  see  any  legal 
complications  involved  in  the  Wiley  bill?  Let  me  restate 
that  by  asking  you  this:  Do  you  find  within  existing  treaties 
ample  authority  for  the  basic  legislation  that  is  proposed 
In  the  Wiley  bill? 

"MR.  DANIELIAN.  Under  the  Wiley  bill  this  Is  no  different 
from  all  the  other  canals  that  we  have  been  building  In 
American  territory,  because  the  whole  work  Is  in  American 
territory. 

"SENATOR  HUMPHREY.  Under  the  Wiley  bill? 

"MR.  DANIELIAN.  That  is  right. 

"SENATOR  HUMPHREY.  However,  the  waterway,  the  waters 
of  the  St.  Lawrence  River  are  governed  by  the  treaty? 

"MR.  DANIELIAN.  Yes,  to  the  extent  that  any  work 
affects  the  level  of  the  lakes  they  would  be  governed  by 
the  Boundary  Waters  Treaty  of  1909.  There  is  nothing  In 
the  construction  of  this  canal  that  would  affect  the  level 
of  the  lakes. 

"SENATOR  HUMPHREY.  So  you  feel,  sir,  that  there  Is 
no  constitutional  question  Involved,  there  is  no  inter¬ 
national  question  involved,  that  may  precipitate  us  Into 
a  court  or  in  the  process  of  adjudication? 

"MR.  DANIELIAN.  I  do  not  wert  to  pose  as  a 
constitutional  authority  here,  but  none  has  come  to  my 
attention. 

"SENATOR  HUMPHREY.  Well,  believe  me,  if  it  has  not 
come  to  your  attention  there  must  not  be  any." 

***** 

(Hearings  before  the  Subcommittee  of  the  Committee  on  Foreign  Relations, 
United  States  Senate,  83rd  Cong.,  1st  Session,  on  S.  589  and  amendments 
thereto,  S.  1065,  and  S.J.  Res.  45,  Bills  and  Joint  Resolution  relating 
to  the  St.  Lawrence  Seaway  and  Power  Project;  and  for  other  purposes, 

April  14,  15,  16,  May  20  and  21,  1953.) 
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As  was  contemplated  by  the  Boundary  Waters  Treaty,  the  governments  of 
Canada  and  the  United  States  exchanged  diplomatic  notes  on  August  17, 
1954,  the  result  of  which  was  an  international  agreement  relative  to 
the  construction  of  the  Montreal  to  Lake  Erie  section  of  the  St.  Lawrence 
Seaway, 


Turning  now  to  licensing  of  the  project  under  Section  4(e)  of 
the  Federal  Power  Act.  As  early  as  the  Rivers  and  Harbors  Act  of  1899, 
it  was  unlawful  to  construct  a  dam  in  any  navigable  waters  of  the  United 
States  without  the  consent  of  Congress.  (33  U.S.C.  401  and  403)  By 
the  Federal  Water  Power  Act  of  1920  (41  Stat.  1063)4/  however.  Congress 
created  a  Federal  Power  Commission  v/ith  authority  to  license  the  construction 
of  such  dams  and  other  works  upon  specified  conditions.  Over  the  years 
the  jurisdiction  and  powers  of  the  Commission  have  been  challenged  on 
many  occasions  with  the  courts  continually  holcing: 

"That  Congress  has  the  power  to  legislate  where 
commerce  between  the  states  or  wit-  “orelgn  countries 
may  be  affected  is  no  longer  an  op.''  question.  And 
such  power  is  not  restricted  to  ’an  adverse  effect  upon 
the  present  and  existing  navigable  capacity  of  federal 
waters';  it  extends  to  navigable  capacity  after  reasonable 
improvements  which  might  be  made,  and  whether  the  effect 
is  beneficial  or  injurious.  The  Federal  Power  Act  was 
intended  to  develop,  conserve,  and  utilize  the  navigation 
and  water  power  resources  of  the  country,  and  to  that  end 
requires  that  projects  licensed  shall  'be  best  adapted 
to  a  comprehensive  plan  for  improving  or  developing  a 
waterway  or  waterways  for  the  use  or  benefit  of  inter¬ 
state  or  foreign  commerce,'  hence,  'if  upon  investigation 
[the  Commission]  shall  find  that  the  interests  of  interstate 
or  foreign  commerce  would  be  affected,'  it  may  require  a 
license."  (Georgia  Power  Co.  v.  Federal  Power  Commission, 

152  F . 2d  908,  at  913  (1946) 


4/  This  Act  was  amended  by  49  Stat.  939  (1935)  U.S.C.  Supp.  V,  Title  16, 
§ 791a  et  seq,  16  U.S.C.  § 791a  et  seq  by  which  it  became  known  as  the 
Federal  Power  Act. 
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The  Congressional  licensing  philosophy  being  clearly  Indicated 
by  the  above  quote,  a  review  of  the  license  Issued  to  PASNY  reflects 
that  It  was  for  a  term  of  50  years  and  It  authorized  PASNY,  as  the 
Presidential ly-deslgnated  United  States  agency,  to  construct,  operate 
and  maintain  the  power  facilities  in  the  International  Section  of  the 
St.  Lawrence  River  and  distribute  commercially  the  power  generated 
therefrom  subject  to  certain  terms  and  conditions:  (Only  those  terms 
and  conditions  relating  to  navigation  have  been  set  out.) 

"Article  7.  So  far  as  Is  consistent  with  proper 
operation  of  the  project,  the  Licensee  shall  allow  the 
public  free  access,  to  a  reasonable  extent,  to  project 
waters  and  adjacent  lands  owned  by  the  Licensee  for  the 
purpose  of  full  p'.ollc  utilization  of  such  lands  and 
waters  for  navigation  and  recreational  purposes,  Including 
fishing  and  hunting,  and  shall  allow  for  such  purposes 
the  construction  of  access  roads,  wharves,  landings,  and 
other  facilities  on  Its  lands  the  occupancy  of  which  may  In 
appropriate  circumstances  be  subject  to  payment  of  rent  to 
the  Licensee  In  a  reasonable  amount:  Provided,  that  the 
Licensee  may  reserve  from  public  access  such  portions  of 
the  project  waters,  adjacent  lands,  and  project  facilities 
as  may  be  necessary  for  the  protection  of  life,  health,  and 
property  and.  Provided  further,  that  the  Licensee's  consent 
to  the  construction  of  access  roads,  wharves,  landings, 
and  other  facilities  shall  not  without  its  express  agreement 
place  upon  the  Licensee  any  obligation  to  construct  or  main¬ 
tain  such  facilities. 

"Article  8.  Insofar  as  any  material  is  dredged  or 
excavated  in  the  prosecution  of  any  work  authorized  under 
the  license,  or  in  the  maintenance  of  the  project,  such 
material  shall  be  removed  and  deposited  so  It  will  not 
interfere  with  navigation,  and  will  be  to  the  satisfaction 
of  the  District  Engineer,  Department  of  the  Army,  In  charge 
of  the  locality. 

***** 

"Article  10.  Whenever  the  United  States  shall  desire 
to  construct,  complete,  or  improve  navigation  facilities  in 
connection  with  the  project,  the  Licensee  shall  convey  to 
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the  United  States,  free  of  cost,  such  of  Its  lands  and  Its 
rights-of-way  and  such  right  of  passage  through  Its  dams  or 
other  structures,  and  permit  such  control  of  pools  as  may 
be  required  to  complete  and  maintain  such  navigation  facilities. 

***** 

"Article  12.  The  operation  of  any  navigation  facilities 
which  may  be  constructed  as  a  part  of  or  In  connection  with 
any  dam  or  diversion  structure  constituting  a  part  of  the 
project  works  shall  at  all  times  be  controlled  by  such 
reasonable  rules  and  regulations  In  the  Interest  of  naviga¬ 
tion,  Including  the  control  of  the  level  of  the  pool  caused 
by  such  dam  or  diversion  structure,  as  may  be  made  from  time 
to  time  by  the  Secretary  of  the  Army.  Such  rules  and 
regulations  may  include  the  construction,  maintenance,  and 
operation  by  the  Licensee,  at  Its  own  expense,  of  such  lights 
and  signals  as  may  be  directed  by  the  Secretary  of  the  Army. 

"Article  13.  The  United  States  specifically  retains 
and  safeguards  the  right  to  use  water  In  such  amount,  to  be 
determined  by  the  Secretary  of  the  Army,  as  may  be  necessary 
for  the  purposes  of  navigation  on  the  navigable  waterway 
affected;  and  the  operations  of  the  Licensee  so  far  as  they 
affect  the  use,  storage,  and  discharge  from  storage  of  waters 
affected  by  the  license,  shall  at  all  times  be  controlled  by 
such  reasonable  rules  and  regulations  as  the  Secretary  of  the 
Army  may  prescribe  in  the  interest  of  navigation,  and  as  the 
commission  may  prescribe  for  the  protection  of  life,  health, 
and  property,  and  In  the  Interest  of  the  fullest  practicable 
conservation  and  utilization  of  such  waters  for  power  purposes 
and  for  other  beneficial  public  uses.  Including  recreational 
purposes;  and  the  Licensee  shall  release  water  from  the  project 
reservoir  at  such  rate  In  cubic  feet  per  second,  or  such  volume 
In  acre-feet  per  specified  period  of  time,  as  the  Secretary  of 
the  Army  may  prescribe  in  the  ir.erest  of  navigation,  or  as  the 
Commission  may  prescribe  for  the  other  purposes  hereinbefore 
mentioned. 

***** 

"Article  19.  In  the  design,  construction,  maintenance 
and  operation  of  the  project  covered  by  this  license,  the 
Licensee  shall  comply  with  all  applicable  provisions  and 
requirements  of  the  Order  of  Approval  (International  Joint 
Commission  Docket  68)  issued  October  29,  1952,  by  the  Inter¬ 
national  Joint  Commission  to  the  Governments  of  the  United 
States  and  Canada  for  the  construction  of  certain  works  for 
the  development  of  power  in  the  International  Rapids  Section 
of  the  St.  Lawrence  River. 

***** 
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This  brings  us  to  the  Installation  of  the  Ice  booms.  As  a  result 
of  a  rather  severe  Ice  jam  In  the  latter  part  of  the  '50s,  PASNY  explored 
means  for  the  control  of  the  river  Ice.  As  has  been  Indicated  above, 
they  would  have  to  look  no  further  than  the  1926  report  for  a  suggested 
solution  to  the  problem.  PASNY  submitted  their  proposal  for  the  use 
of  Ice  booms  to  both  the  Corps  of  Engineers  and  the  St.  Lawrence  River 
Joint  Board  of  Engineers.  In  Its  application  to  the  Corps  of  Engineers, 
PASNY  noted  that  the  boom  located  west  of  Ogdensburg  would  "...not  be 
placed  across  deep  draft  navigation  channel  prior  to  close  of  navigation 
each  year.  Ice  boom  across  deep  draft  channel  Including  cables  and  anchors 
to  be  removed  prior  to  opening  of  navigation  each  year.  Also  shore  terminal 
of  Ice  boom  to  be  placed  and  removed  each  year  upon  the  close  and  opening 
of  navigation  In  a  manner  so  that  there  Is  no  Interference  with  the  movement 
of  vessels."  In  the  permit  Issued  by  the  Department  of  the  Army,  PASNY 
was  authorized  by  the  Secretary  of  the  Army  "...to  place  an  Ice  boom 
during  the  non-navigation  season... in  the  United  States  waters  of  the 
St.  Lawrence  River  between  Ogdensburg,  New  York  and  Prescott,  Ontario, 
vicinity  of  Chimney  Point,  Ogdensburg,  New  York;  the  upstream  end  of 
Butternut  Island,  and  from  the  United  States  mainland  to  Galop  Island." 

The  installation  of  such  booms  were,  however,  subject  to  the  following 
conditions: 

***** 

"(c)  That  there  shall  be  no  unreasonable  Interference 
with  navigation  by  the  work  herein  authorized. 

"(d)  That  if  Inspections  or  any  other  operations  by 
the  United  States  are  necessary  in  the  interest  of  navigation, 
all  expenses  connected  therewith  shall  be  borne  by  the  permittee. 
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"(f)  That  If  future  operations  by  the  United  States  require 
an  alteration  In  the  position  of  the  structure  or  work  herein 
authorized,  or  If,  In  the  opinion  of  the  Secretary  of  the  Army, 
it  shall  cause  unreasonable  obstruction  to  the  free  navigation 
of  said  water,  the  owner  will  be  required  upon  due  notice  from 
the  Secretary  of  the  Army,  to  remove  or  alter  the  structural 
work  or  obstructions  caused  thereby  without  expense  to  the 
United  States,  so  as  to  render  navigation  reasonably  free,  easy, 
and  unobstructed;  and  If,  upon  the  expiration  or  revocation  of 
this  permit,  the  structure,  fill  excavation,  or  other  modifica¬ 
tion  of  the  watercourse  hereby  authorized  shall  not  be  completed, 
the  owners  shall,  without  expense  to  the  United  States,  and  to 
such  extent  and  In  such  time  and  mariner  as  the  Secretary  of  the 
Army  may  require,  remove  all  or  any  portion  of  the  uncompleted 
structure  or  fill  and  restore  to  Its  former  condition  the 
navigable  capacity  of  the  watercourse.  No  claim  shall  be  made 
against  the  United  States  on  account  of  any  such  removal  or 
alteration. 

"(g)  That  the  United  States  shall  In  no  case  be  liable 
.for  any  damage  or  Injury  to  the  structure  or  work  herein 
authorized  which  may  be  caused  by  or  result  from  future  operations 
undertaken  by  the  Government  for  the  conservation  or  Improvement 
of  navigation,  or  for  other  purposes,  and  no  claim  or  right  to 
compensation  shall  accrue  from  any  such  damage." 

In  authorizing  the  boom  installation,  after  soliciting  comments 

from  the  Board  of  Control  which  were  to  the  effect  that  the  boom  "...would 

not  affect  the  water  levels  and  [lake]  discharges  materially",  the  St. 

Lawrence  River  Joint  Board  of  Engineers  stated  that  their  approval  was 

being  given  "[w]ith  the  understanding  that  during  the  navigation  season 

booms  and  boom  cables  will  be  removed  and  anchor  cables  dropped  to  the 

bottom,  all  anchors  except  those  within  600  feet  on  each  side  of  the 

center  line  of  the  navigation  channel  shall  be  buoyed."  The  Board  of 

Engineers  further  commented  that  "[t]he  placement  and  removal  of  Ice 

booms  shall  be  timed  so  as  not  to  Interfere  with  the  requirements  of 

navigation  and  the  St.  Lawrence  Seaway  Authority  and  the  Saint  Lawrence 

Seaway  Development  Corporation  shall  be  kept  informed  of  all  such  operations. 


While  both  authorizations  were  and  are  very  explicit  regarding 
non-interference  with  navigation,  the  Corps  of  Engineers'  permit  went 
even  further  by  placing  the  responsibility  upon  PASNY  that  in  the 
event  the  booms  cause  "an  unreasonable  obstacle"  to  navigation,  they 
will  be  removed  or  altered  as  the  situation  may  require. 

At  the  request  of  the  IOC,  the  United  States,  on  August  5, 

1974,  concurred  in  the  assumption  of  jurisdiction  by  the  IJC  over 
these  booms.  In  so  doing,  the  government  stated: 

"The  United  States  Government  has  carefully 
examined  the  implications  of  the  Commission's  request 
for  the  assumption  of  jurisdiction  and  is  of  the  opinion 
that  the  Commission  has  the  authority  to  exercise  such 
jurisdiction.  The  United  States  Government  wishes  to 
note,  however,  that  in  the  exercise  of  jurisdiction  the 
Commission  is  subject  to  the  order  of  precedence  estab¬ 
lished  by  the  Boundary  Waters  Treaty  of  1909  and  that: 

(a)  such  jurisdiction  is  subject  to  the  express  reserva¬ 
tions  contained  in  the  United  States  Application  to  the 
Commission  of  June  30,  1952  and  in  particular,  Sections 
12,  13  and  14  of  that  Application,  (b)  the  approval  of 
assumption  of  jurisdiction  over  the  international  aspects 
of  the  subject  ice  booms  does  not  abrogate  or  supersede 
the  authority  of  the  Secretary  of  the  Army  to  prevent 
the  obstruction  of  the  navigable  waters  of  the  United 
States  under  33  USC  403.  The  ice  booms  and  their  operation 
shall  remain  subject  to  the  Department  of  the  Army  permits 
authorizing  their  placement,  (c)  Further,  in  accordance 
with  your  letter  of  January  28,  the  United  States  will 
regard  the  approvals  of  the  International  St.  Lawrence 
Joint  Board  of  Engineers  on  August  4,  1960  as  an  approval 
given  by  the  Commission." 

Of  late  PASNY  has  expressed  concern  "that  interests  other 
than  power  should  be  prepared  to  accept  legal  responsibility  for  adverse 
affects  on  private  and  public  property  if... [the  installation  of  a 
gate  in  the  ice  boom]  designed  to  extend  the  navigation  season  are 
undertaken."  Additionally,  PASNY  has  asked  who  will  be  responsible 
in  the  event  their  power  production  is  reduced  as  a  result  of  the 
Winter  Navigation  Program. 
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It  Is  assumed  that  PASNY  is  speaking  of  the  Federal  Government 

( 

in  making  reference  to  "Interests  other  than  power"  for  the  Winter  v 

Navigation  Program  Is  a  Federal  activity.  The  question  then  becomes 

one  of  what  is  the  Federal  Government's  legal  responsibility  for  "adverse 

effects  on  private  and  public  property  and  for  the  reduction  of  power 

products"? 

As  presented,  this  Is  Indeed  a  many-faceted  problem.  Regarding 
riparian  owners  rights,  a  review  of  appropriate  United  States  law 
discloses  that  all  the  states  bordering  on  the  Great  Lakes  and  the 
St.  Lawrence  recognize  the  same  general  rules  of  law.  The  major  feature 
of  riparian  doctrine  Is  that  It  gives  the  owners  of  land  bordering 
upon  a  stream  equal  rights  to  the  use  of  the  water.  In  modern  times 
the  rule  Is  often  stated  that  each  riparian  may  make  a  reasonable 
use  of  the  water  consistent  with  like  uses  by  the  others. 

But  whatever  these  riparian  rights  may  be,  the  Important 
fact  about  them  is  that  the  Supreme  Court  has  consistently  held  that 
they  are  subject  to  the  right  of  the  Federal  government  to  regulate 
navigation  under  the  Commerce  Clause  of  the  Constitution.  The  Federal 
government  is  not  obligated  to  pay  for  any  damage  or  destruction  to 
riparian  rights  In  navigable  waters  as  the  result  of  the  regulation 
of  commerce.  This  power  of  the  Federal  government  is  referred  to 
as  the  navigational  servitude  and  the  Supreme  Court  has  defined  it 
as  "the  privilege  to  appropriate  without  compensation  which  attaches 
to  the  exercise  of  the  power  of  the  government  to  control  and  regulate 
navigable  waters  in  the  Interest  of  commerce".  (U.S.  v.  Va.  Electric 
and  Power  Co.,  365  U.S.  624,  62728  (1961).) 

( 
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Even  someone  who  owns  land  under  navigable  water  cannot  use 
that  land  In  any  manner  repugnant  to  the  government's  paramount  right 
to  regulate  navigation  and  the  government  may  construct  bridges*  locks 
or  other  navigation  structures  on  that  underwater  land  without  compensating 
Its  owner  for  Its  use.  (Gibson  v.  U.S.,  16S  !J.S.  2&9,  272  (1897).) 

Besides  the  rights  of  riparian  landowners,  the  general  public 
has  the  right  to  use  navigable  waters,  particularly  for  navigation 
and,  In  some  cases,  for  fishing  and  recreation,  But,  these  public 
rights  are  also  completely  subject  to  the  right  of  the  Federal  government 
to  regulate  navigation  and  commerce.  Thus,  no  one  can  claim  any  legal 
right  to  compensation  if  his  "right"  to  use  navigable  waters  or  Ice 
Is  Interfered  with  In  any  way  by  the  season  extension  project.  (I. 

Farnham,  The  Law  of  Waters,  130-31  (1904).) 

But,  saying  that  no  compensation  can  be  claimed  for  water 
rights  does  not  mean  that  no  private  claims  of  any  sort  can  be  asserted 
against  the  Federal  Government  If  the  demonstration  project  Is  undertaken. 

On  the  contrary,  there  are  two  major  claims  that,  under  U.S.  laws, 
could  be  successfully  asserted  by  private  Individuals  against  the  government. 
The  first  is  the  right  of  the  owners  of  fast  land  above  the  high  water 
line  to  receive  compensation  If  the  project  directly  interferes  with 
their  use  or  occupancy  of  their  land.  The  other  Is  the  right  that 
everyone  has  to  receive  compensation  if  they  or  their  property  are 
damaged  by  some  negligent  act  of  the  Government. 

In  response  to  the  question  raised  by  PASNY  as  to  who,  other 
than  PASNY,  will  be  responsible  for  loss  of  power,  we  are  again  directed 
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back  to  that  well  settled  concept  that  In  the  navigable  waters  of  the 
United  States,  the  Federal  Government's  authority  Is  absolute. 

In  order  for  PASNY  to  recover  for  the  loss  of  power  production 
resulting  from  a  reduction  of  water  capacity,  there  must  exist  In  PASNY 
some  private  right  to  the  waters  of  the  St.  Lawrence  River  which  right 
has  either  been  damaged  or  taken  as  a  result  of  the  Winter  Navigation 
Program.  As  has  been  seen,  the  Federal  Government's  "...power  flows 
from  the  grant  to  regulate,  l.e.  to  'prescribe  the  rule  by  which  commerce 
Is  to  be  governed.'  This  Includes  the  protection  of  navigable  waters 
In  capacity  as  well  as  use.  This  power  of  Congress  to  regulate  commerce 
Is  so  unfettered  that  Its  judgment  as  to  whether  a  structure  Is  or 
Is  not  a  hindrance  Is  conclusive.  Its  determination  Is  legislative 
In  character.  The  Federal  Government  has  domination  over  the  water 
power  Inherent  In  the  flowing  stream.  It  Is  liable  to  no  one  for  Its 
use  or  non-use.  The  flow  of  a  navigable  stream  Is  In  no  sense  private 
property;  'that  the  running  water  In  a  great  navigable  stream  Is  capable 
of  private  ownership  is  Inconceivable.'"  (U.  S.  v.  Appalachian  Electric 
Power  Co.,  supra.,  U.  S.  v.  Chandler-Dunbar  Co.,  supra.) 

Furthermore,  PASNY's  license  and  the  laws^under  which  It 
was  Issued  contemplate  the  use  of  the  navigable  waters  of  the  St.  Lawrence 

5/  An  early  discussion  of  the  Federal  Water  Power  Act  of  1920  Is  con¬ 
tained  In  Alabama  Power  Co.  v.  Gulf  Power  Co.,  283  F.  606  (1922). 

There  the  court  wrote: 

"Section  6  Is  that: 

'Each  such  license  shall  be  conditioned  upon  acceptance 
by  the  licensee  of  all  the  terms  and  conditions  of  this  Act  and 
such  further  conditions,  if  any,  as  the  Commission  shall  pre¬ 
scribe  in  conformity  with  this  Act,  which  said  terms  and  condi¬ 
tions  and  the  acceptance  thereof  shall  be  expressed  in  said 
license. ' 


for  power  at  the  sufferance  of  Congress.  Therefore,  there  can  be  no 
complaint  or  claim  by  PASNY ,  for  In  order  to  gain  the  right  to  produce 
power  for  commercial  consumption  It  accepted  the  Congresslonally-lmposed 
determination  that  the  preservation  and  Improvement  of  navigation  was 
In  the  public  Interest.  (Portland  General  Electric  Co.  v.  Federal  Power 
Commission,  328  F.2d  165  (1964).) 


"Thus  the  matter  of  license  to  construct  the  dam  becomes 
In  Its  nature  the  contract  between  the  licensee  and  the  govern¬ 
ment  for  making  the  Improvement,  and  when  accepted  the  licensee 
Is  bound  to  comply  with  Its  conditions  or  submit  to  forfeiture 
of  license. 

"Section  10  goes  more  Into  detail,  for  It  provides: 

'That  all  licenses  Issued  under  this  Act  shall  be  on  the 
following  conditions: 

(2)  That  the  project  adopted,  including  the  maps,  plans, 
and  specifications,  shall  be  such  as  In  the  judgment  of  the 
commission  will  be  best  adapted  to  a  comprehensive  scheme  of 
Improvement  and  utilization  for  the  purposes  of  navigation,  of 
water-power  development,  and  of  other  beneficial  public  uses; 
and  If  necessary  In  order  to  secure  such  scheme*  *  *'--that 
Is,  a  scheme  in  the  Interest  of  navigation,  which  Is  the  para¬ 
mount  consideration—'  the  commission  shall  have  authority 
to  require  the  modification  of  any  project,  *  *  *'— and 
'project'  includes  navigation  structures—'  'and  of  the  plans 
and  specifications  of  the  project  works  before  approval.' 

"Further: 

'(c)  That  the  licensee  shall  maintain  the  project 
works  in  a  condition  of  repair  adequate  for  the  purposes 
of  navigation  and  for  the  efficient  operation  of  said  works 
in  the  development  and  transmission  of  power,  shall  make 
all  necessary  renewals  and  replacements,  shall  establish 
and  maintain  and  operate  said  works  so  as  not  to  impair  navi¬ 
gation,  and  shall  conform  to  such  rules  and  regulations  as 
the  Commission  may  from  time  to  time  prescribe  for  the 
protection  of  life,  health,  and  property.' 
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CONCLUSIONS 


While  there  are  many  detailed  conclusions  that  can  be  drawn 
from  the  foregoing  discussion,  it  is  indeed  most  reasonable  to  generally 
conclude  the  following: 

1.  It  is  the  national  policy  of  the  United  States  that  the 
navigation  of  the  waters  of  the  United  States  is  to  be  preserved  and 
fostered. 


Section  11  stipulates  'that  If  the  dam  or  other  project 
works  are  to  be  constructed  across,  along,  or  in  any  of  the 
navigable  waters  of  the  United  States,  the  commission  *  *  *' 
will  require  certain  things,  of  which  I  will  give  the  ones 
with  reference  to  navigation.  The  Act  states: 

"That  such  licensee  shall,  to  the  extent  necessary  to 
preserve  and  Improve  navigation  facilities,  construct,  In  whole 
or  In  part,  without  expense  to  the  United  States,  in  connection 
with  such  dam,  a  lock  or  locks,  booms,  sluices,  or  other  structures 
for  navigation  purposes.  In  accordance  with  plans  and  specifi¬ 
cations  approved  by  the  Chief  of  Engineers  and  the  Secretary 
of  War  and  made  part  of  such  license.' 

In  other  words,  as  a  fundamental  requirement  of  the 
acceptance  of  the  license,  the  licensee  is  bound  to  do  these 
things  in  reference  to  navigation.  Further  it  is  required: 

'(b)  That  in  case  such  structures  for  navigation  pur¬ 
poses  are  not  made  a  part  of  the  original  construction  at 
the  expense  of  the  licensee  then  whenever  the  United  States 
shall  desire  to  complete  such  navigation  facilities  the  li¬ 
censee  shall  convey  to  the  United  States,  free  of  cost,  such 
of  its  land  and  its  rights  of  way  *  *  *  through  its  dams,  *  *  * 
and  permit  such  control  of  pools  as  may  be  required  to  com¬ 
plete  such  navigation  facilities. 

'(c)  That  such  licensee  shall  furnish  free  of  cost  to 
the  United  States  power  for  the  operation  of  such  navigation 
facilities,  whether  constructed  by  the  licensee  or  by  the 
United  States. 1 

It  would  seem  that  section  11  is  sufficient  to  show  that 
the  paramount  object  of  the  act  is  the  promotion  of  navigation." 


2.  Congress  has  absolute  authority  over  the  navigable  waters 
of  the  United  States  and  can  and  does  regulate  their  use  In  furtherance 
of  the  national  policy  stated  In  subparagraph  1  above. 

3.  As  long  as  other  uses,  l.e.  power  production,  are  truly 
compatible  so  as  not  to  conflict  with  or  restrain  present  and/or  future 
use  of  these  waters  for  navigation,  such  uses  are  authorized.  To  this 
end,  the  Federal  Power  Act  was  enacted. 

4.  The  Boundary  Waters  Treaty  of  1909  embodies  the  national 
policy  regarding  the  use  of  the  navigable  waters  of  the  United  States 
and  places  within  the  IJC,  absence  a  special  agreement  between  the 
governments,  the  responsibility  for  the  control  of  the  levels  and  flows 
of  the  boundary  waters.  In  the  application  of  this  power,  the  IOC 

is  governed  by  the  principle  that  "...In  the  case  of  conflict,  power 
production  must  give  way  to  unimpeded  navigation."  A  reading  of  the 
United  States  application  to  the  IJC  for  permission  to  construct,  operate 
and  maintain  the  power  works,  the  Order  of  Approval,  FPC  license,  Corps' 
permit  for  the  installation  of  the  Ice  boom,  and  PASNY's  own  interpretation 
of  the  pertinent  documents,  makes  it  abundantly  clear  that  such  facilities 
and  related  activity  must  not,  actively  or  passively,  Interfere  with 
the  superior  rights  of  navigation. 

5.  There  being  no  private  right  in  the  water  producing  capacity 
of  the  St.  Lawrence  River,  PASNY  would  have  no  claim  against  the  Corpora¬ 
tion/United  States  for  loss  of  power  generation  In  the  event  such  resulted 
from  the  use  of  the  waters  for  navigation.  PASNY  should  not  now  be 
allowed  to  complain,  for  in  return  for  the  opportunity  to  produce  power 
for  profit  PASNY  accepted  this  condition  and  must  now  be  willing  to 
abide  by  the  terms  of  its  bargain. 
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6.  In  the  absence  of  damages  to  riparian  owners  resulting 
from  negligent  acts  of  employees  of  the  United  States  or  the  taking 
of  riparian  land  by  the  United  States,  there  is  no  liability  on  the 
part  of  the  United  States  for  the  use  of  the  waters  of  the  St.  Lawrence 
River  for  navigational  purposes. 

7.  Finally,  the  legal  right  to  produce  power  from  the  waters 
of  a  navigable  stream  is  secondary  to  the  predominant  legal  right  to 
use  that  same  water  for  navigation;  therefore  the  power  entitles  should 
not  be  allowed  to  Impede  the  use  of  or  the  future  development  of  any 
waterway  for  navigational  purposes. 


Frederick  A.  Bush 
General  Counsel 
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PREFACE 


The  Great  Lakes  and  St.  Lawrence  Seaway 
Navigation  Season  Extension  Demonstration 
Program  is  authorized  by  Congress  in  the  River  and 
Harbor  Act  of  1970 (Public  Law9l-61 1).  amended  by 
the  Water  Resources  Development  Acts  of  1974  and 
1976  (Public  Laws  93-25!  and  94-587,  respectively). 
This  program  was  undertaken  to  demonstrate  the 
practicability  of  extending  the  navigation  season  on 
the  Great  Lakes  and  St.  Lawrence  Seaway  System.  It  is 
important  to  note  that  while  the  program  and  study  are 
in  response  to  specific  legislation  by  Congress,  par¬ 
ticipating  Federal  agencies  have  continuing  respon¬ 
sibilities  for  development  of  ice  control  measures;  these 
are  funded  and  carried  out  under  normal  mission  ac¬ 
tivities,  funded  under  individual  agency  programs. 
These  programs  are  discussed  in  this  report,  but  not 
distinguished  from  Demonstration  Program  activities. 
Costs  of  normal  mission  activities  are  not  included  in 
specifically  authorized  program  funding. 

At  the  onset  of  the  program,  preliminary  con¬ 
clusions  existed  which  indicated  that  enginecrmgiy 
feasible  measures  were  already  available  to  extend  the 
navigation  season.  In  authorizing  the  program.  Con¬ 
gress  provided  a  means  to  verify  these  conclusions  and 
to  demonstrate  the  practicability  of  extending  the 
navigation  season. 

This  and  previous  reports  on  the  Demonstration 
Program  confirm  that  many  of  the  originally  stated 
conclusions  are  correct:  Technical  measures  presently 
exist  which  are  effective  in  extending  the  traditional 
navigation  season  and  they  involve  varied  economic, 
social  and  environmental  impacts.  They  are  discussed 
in  this  report. 


Vessel  moves  through  ice  field. 


This  report  is  the  last  in  a  series  dealing  with 
demonstration  activities  undertaken  or  studied  to 
facilitate  commercial  vessel  operation  on  the  Great 
Lakes  and  St.  Lawrence  Seaway.  Activities  conducted 
during  the  first  five  years  of  the  program  were  describ¬ 
ed  in  some  detail  in  the  Winter  Navigation  Board's 
previously  published  reports.  This  report  summarizes 
the  activities,  results,  and  conclusions  reached  during 
the  eight  years  of  the  Demonstration  Program. 

The  results  of  the  demonstration  activities  are  a 
primary  data  source  for  and  are  supportive  of  the  Sur¬ 
vey  Study  currently  being  conducted  by  the  U.S.  Army 
Corps  of  Engineers.  TheSurvey  Study  istoidentifythe 
costs,  economic  benefits,  engineering  feasibility,  and 
the  social  and  environmental  acceptability  of  exten¬ 
ding  the  navigation  season.  The  Report  is  provided  at 
the  direction  of  Congress  to  assist  in  determining  the 
Federal  interest  in  a  permanent  navigation  season  ex¬ 
tension  on  the  Great  Lakes  and  St.  Lawrence  Seaway 
System. 
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Looking  toward  Soo  Locks. 


THE  WINTER  NAVIGATION 
BOARD  SUMMARY  REPORT 


Fiscal  Year  1979  was  the  final  year  of  a  program  to 
demonstrate  the  practicability  of  various  means  of  ex¬ 
tending  the  navigation  season  on  the  Great  Lakes-St. 
t-awrence  Seaway  System,  This  executive  summary 
abstracts  the  most  important  aspects  from  the  full 
report  on  program  activities  and  achievements  ac¬ 
complished  under  the  Demonstration  Program. 


Part  I:  Background  and  Perspective 


The  need 

The  Great  Lakes-St.  Lawrence  Seaway  System  is 
a  deep  draft  waterway  which  provides  a  means  of 
energy  efficient,  low  cost  marine  transportation  tothe 
II. S.  heartland  —  a  19-state  economic  hinterland  ares 
which  generates  some  41%  of  the  nation’s  personal  in¬ 
come. 

Agriculture,  mining,  petroleum  refining,  and  the 
manufacture  of  both  durable  and  non-durable  goods 
are  important  industries  within  the  area.  The  need  for 
the  movement  of  both  bulk  raw  materials  and  finished 
products  is  substantial. 


Historically,  however,  in  mid-December,  the 
waterborne  link  of  the  regional  transportation  system 
has  closed  down  for  up  to  four  months  due  to  weather 
and  ice  conditions  ...  remaining  closed  until  early 
April,  when  conditions  again  permitted  transit, 
without  assistance. 

Industry  in  the  region  relying  on  bulk  materials 
has  adapted  to  the  closed  season  by  stockpiling,  a  cost¬ 
ly  process  and  by  the  use  of  more  costly  modes  of 
transportation.  At  the  same  time.alarge  portion  ofthe 
Great  Lakes  fleet  halts  operationand  lays  up.  resulting 
in  increased .  yearly  operational  costs  tc  the  owners 
because  the  vessels  are  not  producing  income,  but  the 
fixed  costs  (depreciation,  vessel  cost,  etc.)  are  still  paid. 
These  costs  show  up  during  the  active  shipping  season 
which  must  be  passed  along  to  the  shipper  during  the 
balance  of  the  season  and  ultimately  to  the  public  in  in¬ 
creased  product  cost. 

The  close  of  the  Great  Lakes-St.  Lawrence 
Seaway  shipping  season  by  winter  weather  conditions 
also  has  a  negative  impact  on  employment:  lay-offs 
occur.  Some  of  the  Nation's  largest  ports  close  down, 
and  capital-intensive  cargo  handling  equipment  is 
idled. 

In  the  past,  extraordinary  circumstances  such  as 
steel  strikes  ( 1956  and  1959),  and  at  times  of  national 
emergency  (January.  1945).  operations  at  the  locks  at 
Sault  Ste.  Marie.  Michigan,  continued  into  the  winter 
months  to  accommodate  the  urgent  needs  of  the  Na¬ 
tion  for  Great  Lakes  shipping.  These  circumstances  in¬ 
dicated  even  then  that  certain  types  of  winter  naviga¬ 
tion  activities  were  at  least  engineering^  feasible. 

Prior  study 

In  recognition  of  the  need  to  investigate  potential 
benefits  of  an  extended  navigation  season,  Congress  in 


the  1965  River  and  Harbor  Act  (Public  Law  89-298) 
authorized  the  U.S.  Army  Corps  of  Engineers  to  con¬ 
duct  a  limited  study  into  the  feasibility  for  extending 
the  season. 

After  a  review  of  world-wide  experience  in  ice 
navigation  and  ice  modification  techniques,  this  study 
concluded  that  the  present  state  of  technology  was  suf¬ 
ficiently  advanced  to  make  winter  operation  on  the 
Great  Lakes-St.  Lawrence  Seaway  System  physically 
feasible.  The  extent  to  which  winter  operation  should 
be  undertaken,  and  the  economic  feasibility  for  either 
limited  or  year-round  extension,  could  not  be  deter¬ 
mined  on  the  basis  of  the  limited  investigations  made  in 
that  study. 

Traffic  projection  and  estimated  benefits  clearly 
demonstrated  sufficient  economic  potential  to  warrant 
further  investigation.  The  initial  feasibility  study  iden¬ 
tified  means  by  which  problems  associated  with  an  ex¬ 
tended  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System  might  be  eliminated,  and 
recommended  that  a  full-scale  study  be  undertaken. 

Current  program  authority 

The  Great  Lakes  and  St.  Lawrence  Seaway 
Navigation  Season  Extension  Program  is  authorized 
by  Congress  in  Section  107  of  the  River  and  Harbor 
Act  of  1 970  ( Public  Law  91-611).  This  authority  iscited 
in  its  entirety  on  page  134.  Section  107b  has  been 
amended  twice  since  1970.  The  program  consisted  of 
three  parts,  the  Survey  Study,  the  Demonstration 
Program,  and  the  Insurance  Study  as  follows: 

/.  Surve v  Study:  A  detailed  survey  study  is  un¬ 
derway  to  determine  the  economic  justification, 
engineering  practicability,  and  potential  environmen¬ 
tal  and  social  impacts  of  an  extended  navigation 
season.  This  in-depth  study  is  being  conducted  by  the 
U.S  Army  Corps  of  Engineers  with  input  from  the 
Winter  Navigation  Board.  The  results  of  the  Survey 
Study  would  provide  the  basis  for  Congress  to  deter¬ 
mine  the  Federal  interest  in  providing meansfbranex- 
tended  navigation  season  on  the  Great  Lakes  and  St. 
Lawrence  Seaway.  An  interim  Survey  Report  was  sub¬ 
mitted  to  the  Board  of  Engineers  for  Rivers  and  Har¬ 
bors  in  March  1976  recommending  a  limited  season  ex¬ 
tension  on  the  upper  four  Gres:  Lakes  (Superior. 
Michigan.  Huron  and  Erie)  to  31  January  (+2  weeks), 
utilizing  for  the  most  part  basic  operation  measures 
and  existing  facilities.  This  Interim  Report  has  beer 
transmitted  to  Congress  on  3  August  1979. 

The  final  Survey  Report,  addressing  several  op¬ 
tions  up  to  a  12-month  season  on  the  system  is  un- 
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derway.  The  Survey  Report  would  provide  the  results 
of  the  study  and  suggest  additional  measures  which 
would  be  required  beyond  those  previously 
recommended. 

■J.  Demonstration  Program:  Thrbugh  the  Con- 
gressionally  mandated  action-oriented  Demonstration 
Program  the  U.S.  Army  Corps  of  Engineers  was 
directed  to  demonstrate  the  practicability  of  extending 
the  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System.  Federal  legislation  directed 
the  Secretary  of  the  Army,  acting  through  the  Chief  of 
Engineers,  to  carry  out  this* program  in  cooperation 
with  affected  Federal  agencies  and  non-Federal  public 
and  private  interests. 

The  actions  of  the  Winter  Navigation  Board  in 
concert  with  private  navigation  interests  have  resulted 
in  substantial  extensions  of  the  normal  navigation 
season  on  the  upper  four  Great  Lakes  in  each  of  the 
eight  years  of  the  program.  Year-round  shipping  was 
actually  achieved  in  the  upper  four  Great  Lakes  during 
four  of  the  eight  years  of  the  Demonstration  Program. 

Modeling  was  conducted  both  beforeand  inaddi¬ 
tion  to  actual  physical  methods  for  extending  the 
season  in  the  St.  Lawrence  Seaway. 

This  report,  describing  the  results  of  the 
Demonstration  Program,  is  submitted  in  compliance 
with  the  legislation. 

J  Insurance  Sludv:  The  Secretary  of  Com¬ 
merce.  acting  through  the  Maritime  Administration, 
was  directed  to  conduct  a  study  to  determine  the  means 
by  which  reasonable  insurance  ratescould  be  provided 
for  shippers  and  vessels  engaged  in  waterborne  com¬ 
merce  beyond  the  traditional  navigation  season.  The 
Maritime  Administration  completed  the  study  in  1972 
and  found  insurance  rates,  although  higher  for  the  ex¬ 
tended  season,  are  not  a  major  impediment  to  winter 
navigation.  As  the  Demonstration  Program  proceed¬ 
ed.  insurance  underwriters  redefined  late  sailings  so 
that  rate  increases  did  not  take  effect  until  substantially 
later  m  the  season. 

The  geographic/ economic  region 

A  brief  glance  at  the  geography  of  the  Great 
Lakes-St,  Lawrence  Seaway  waterway  is  helpful  to  an 
understanding  of  both  the  opportunities*  and  the 
challenges  implicit  in 'winter  navigation.  The  Great 
Lakes  and  their  connecting  channels  contain  a  water 
surface  area  of  over  95, COO  square  miles,  of  which 
about  61,000  square  miles  are  within  United  States 
boundaries.  The  Great  Lakes  Basin  comprises  a  large 
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area  of  over  300,000  square  miles,  drained  by  the  Si 
Lawrence  River  through  the  Gulf  of  St.  Lawrence  into 
the  Atlantic  Ocean. 

The  Great  Lakes  provide  a  waterway  over  which 
100  billion  ton-miles  of  waterborne  freight  pass  each 
year.  Many  commercial  harbors  serve  the  region  in¬ 
cluding  some  of  the  largest  in  the  Nationand  two  of  the 
five  largest  U.S  cities  The  distance  from  Duluth. 
Minnesota,  at  the  western  end  of  Lake  Superior,  to  the 
Atlantic  Ocean  is  2.340  miles. 

The  Great  Lakes  Basin  covers  about  4%  of  U.5 
land  areas  and  includes  more  titan  14%  of  the  Coun¬ 
try  s  population  One-sixth  of  the  national  income  is 
earned  in  this  region.  Within  the  Canadian  portion  of 
the  Great  Lakes  and  St.  Lawrence  River  Basin,  the 
proportion  of  total  population  and  economic  activity 
is  in  excess  of  60%  of  Canadian  national  totals. 


The  intra-region's  transportation  system,  the 
Great  Lakes,  is  critical  in  bringing  raw  materials  from 
tiu.tr  sources  in  the  upper  lakes  to  industrial  centers 
such  as  Chicago.  Detroit.  Cleveland,  and  Buffalo. 

The  St.  Lawrence  River  connects  the  Great  Lakes 
with  the  Gulf  of  St.  Lawrence  on  the  North  Atlantic 
Ocean  S  e  the  international  portion  of  the  St. 
Lawrence  River  extends  from  Lake  Ontario  to  a  point 
below  Massena.  New  York,  the  Demonstration 
Program  activities  pertain  to  this  reach  which  is  under 
the  joint  navigational  control  of  the  St.  Lawrence 
Seaway  Development  Corporation,  a  corporate  agem 
ey  of  the  United  States  Government,  and  the  St. 
Lawrence  Seaway  Authority  of  Canada.  Below  the  in¬ 
ternational  section,  the  river  and  the  remaining 
Seaway  locks  lie  entirely  in  Canada  Year-rouno 
navigation  from  the  Ocean  to  Montreal  has  been  an 


operational  reality  lor  many  years  due  to  Canadianef-  Winter  navigation  problems  in  perspective 

forts  to  extend  the  navigation  season  at  that  end  of  the 

St.  Lawrence  River.  Ice  and  its  effects  are  the  major  physical  im¬ 

pediments  tp  winter  navigation.  On  the  Great  Lakes, 
The  Great  Lakes  fleet  ice  conditions  are  most  severe  in  the  upper  four  lakes 

and  connecting  channels:  the  St  Marys  River  between 
Completion  of  the  1 ,200'  x  i  10'  Poe  Lock  at  Sault  Lakes  Superior  and  Huron;  the  Straits  of  Mackinac 

Ste.  Marie  in  1 968  strengthened  the  economics  of  high  connecting  Lakes  Michigan  and  Huron;  and  the  St. 

volume,  low  cost  waterborne  transportation  on  the  Clair  and  Detroit  Rivers  linking  Lakes  Huron  and 

Great  Lakes.  The  construction  of  several  1.000'  x  105'  Erie.  These  connecting  channels  and  the  St.  Lawience 

self-unloading  bulk  carriers  —  and  several  more  under  River  form  nature!  constrictions  m  which  the  potential 

contract  at  Grea:  Lakes  shipyards  —  has  dramatically  for  ice  jams  and  other  problems  implicit  to  winter 

changed  the  future  direction  of  the  Great  Lakes  ship-  navigation  are  most  severe, 

ping  fleet.  A  period  of  accelerated  change  in  the  size  Icebreakers  can  open  and  maintain  vessel  tracks, 

and  shape  of  Great  Lakes  vessels  is  emerging  as  this  However,  sophisticated  ice  management  techniques 

new  generation  of  larger,  moresophisticated  and  more  are  needed  to  maintain  stable  ice  fields  and  facilitate 

costly  vessels  move  in  to  dominate  roles  in  tjie  pre  and  commercial  ship  movement  in  these  channels  and  in 

coal  t pdcs.  harbors.  The  development  of  ice  control  techniques 


SELF-PROPELLED  VESSELS  OF  1.000  GROSS  TONS  AND  OVER 
AS  OF  NOVEMBER  24.  1978 


l'.S.  GREAT  LAKES  FLEET 


TOTAL  ALL  VESSEI.S 

BULK  CARRIERS 

TANKERS 

OTHERS' 

# 

DWT 

a  DWT 

a 

159* 

143* 

2.848.825* 

6  40.643 

10 

'Railroad  Cars-Passenger  Car  Ferries 
Source:  Maritime  Administration.  Great  Lakes  Region 
Greenwood’s  Guide  to  Great  Lakes  Shipping 
•Includes  integrated  tug-barge  "Presque  Isle"  of  52.000  DWT.  which, 
lor  operations  purposes,  is  considered  a  vessel. 


As  part  of  its  ongoing  program,  as  mandated  by  which  will  oermit  winter  navigation  while  maintaining 

Executive  Order  of  1936.  the  U.S.  Coast  Guard's  Ninth  unimpeded  river  flow,  for  Instance,  is  especially  impor- 

District  headquartered  at  Cleveland.  Ohio,  provides  tant  on  the  St.  Lawrence  River.  Here,  ice  booms  have 

icebreaking  support  to  vessels  beset  in  ice  or  in  need  of  been  installed  at  specific  locations  on  the  Seaway  to 

assistance  to  transit  through  the  ice.  For  this  task,  and  assist  in  the  development  and  maintenance  of  a  stable 

other  assigned  missions,  the  Coast  Guard  employs  a  ice  cover,  to  prevent  ice  jams,  avoid  flooding,  and 

licet  of  twelve  vessels  year  rqund  including  one  major  assure  an  uninterrupted  flow  for  the  regulation  of  lake 

icebreaker.  Duringthe  Demonstration  Program  anad-  arid  river  water  levels  and  the  production  of  hydroelec- 

ditional  icebreaker  was  added  for  winter  operation.  trie  power.  These  booms  are  closed  each  year  after  the 

On  8  January  1979.  the  Katmat  Bay.  the  first  in  a  close  of  navigation, 

series  of  four  new  class  icebreaking  tugs  to  be  received  Proposals  for  extending  the  navigation  season 

before  the  winter  of  1979-80.  was  commissioned.  The  have  raised  many  questions  concerning  environmental 

new  vessels,  replacing  an  older  class,  will  greatly  up-  impacts,  particularly  in  the  connecting  channels  and 

grade  Coast  Guard  icebreaking  capabilities  in  the  harbors,  and  in  the  St.  Lawrence  River.  It  has  become 

Gre.it  Lakes  evident  that  extensive  environmental  studies  would  be 
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required  if  an  environmental  baseline  were  to  be  es¬ 
tablished.  Such  a  baseline  would  allow  for  moniiortng 
io  detect  and  determine  the  extent  of  environmental 
impacts  which  might  occur  as  a  result  of  an  extended 
season.  Particular  concern  has  been  expressed  over  the 
possibihtv  of  oil  spills  in  winter  conomons  and  the 
organizational  and  technical  capacity  of  both  the 
government  agencies  arte)  private  industry  to  adequate¬ 
ly  react  to  that  situation.  The  oossibility  of  increased 
shoreline  and  structure  damage  resulting  from  the  ex¬ 
tended  navigation  season  is  also  a  major  concern. 

Other  stated  concerns  over  extended  season 
operations  include  island  access  difficulties  and  the  dis¬ 
ruption  of  established  recreation  patterns,  which  might 
lead  jo  declines  in  tourism. 


Since  conventional  floating  navigational  buoys 
arc  removed  prior  to  ice  formation,  the  nijed  arises  fpr 
an  all-weather  navigational  aid  system  to  reduce  the 
risk  of  groundings  and  collisions  and  to  permit  24  hour 
navigation.  Related  to  this  arc  the  needs  for  a  network 
to  collect  and  disseminate  iceand  weather dataandthe 
development  of  improved  prediction  techniques  for  ice 
frecze-up  and  break-up  periods. 

The  safety  of  vessels  and  crews  during  winter 
season  operation  is  also  a  primary  concern.  In  the 
event  of  accidents  on  the  system,  it  is  important  that  an 
effective  emergency  locating  system  be  implemented 
for  both  vessels  and  crew  members  and  that  safety  and 
survival  equipment  for  crew  members  exposed  to  icy 
waters  be  improved. 
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The  location  of  the  waterway  between  the  United 
States  and  Canada  requires  that  a  cooperative  effort  be 
undertaken  to  obtain  the  implementation  of  an  extend¬ 
ed  season.  The  Welland  Canal,  navigation  link 
between  Lakes  Erie  and  Ontario,  and  the  lower  reaches 
of  the  St.  Lawrence  River  are  wholly  in  Canada,  and 
therefore  Canada  needs  to  determine  its  interest  in  ex¬ 
tended  season  navigation  and  the  nature  of  its  commit¬ 
ment. 

Winter  navigation  accomplishments  in  perspective 

In  eight  years  of  extended  season  tests  and  ice 
breaking  operational  activities,  the  Coast  Guard  has 
demonstrated  the  practicability  of  continuous  com¬ 
mercial  traffic  under  adverse  winter  ice  conditions.  Ad¬ 
ditionally,  and  in  concert,  many  ice  control  and  ice 
management  concepts  and  methods  were  tested  by  the 
Corps  of  Engineers  and  other  participating  agencies; 
the  most  successful  of  which  are  briefly  mentioned  in 
this  section,  and  described  in  the  text  that  follows. 
Bubbler  systems  and  the  use  of  thermal  effluents  were 
tested  for  effectiveness  in  reducing  ice  cover.  Model 
studies  were  conducted  to  gain  insights  into  the  effects 
of  vessel  transits  on  water  levels  and  flows  in  the  St. 
Marys,  St.  Clair,  and  St.  Lawrence  Rivers,  and  to  test 
the  effectiveness  of  different  types  of  ice  control  struc¬ 
tures. 

Limited  environmental  studies  were  conducted  to 
determine  the  effects  of  specific  Demonstration  ac¬ 
tivities  on  the  environment,  such  as  the  effect  of  long 
line  bubblers  on  fish  movement,  and  some  baseline 
data  were  collected,  principally  on  the  St.  Marys  River. 
The  U.S.  Coast  Guard  developed  an  Oil  ar.d  Hazar¬ 
dous  Substance  Spill  Contingency  Plan  and  tested  new 
methods  and  devices  for  oil  spill  containment  and 
recovery.  These  activities  were  independent  from  the 
Demonstration  Program. 

To  facilitate  transportation  to  islands  in  the  St. 
Marys  River,  the  U.S.  Army  Corps  of  Engineers  made 
and  tested  substantial  improvements  to  the  Sugar 
Island  ferry  and  provided  an  air  boat  for  use  and 
testing  by  Lime  Island  residents.  Studies  were  con¬ 
ducted  along  proposed  vessel  routes  to  determine 
possible  impacts  on  recreational  activities. 

To  enhance  the  safety  of  navigation  under  con¬ 
ditions  of  poor  visibility,  several  systems  have  been 
tested  under  various  authorities.  They  include  the  in¬ 
stallation  of  a  magnetic  wire  on  ihe  channel  bottom,  a 
laser  light  range,  a  radar  navigation  syster,  radar 
transponder  beacons  (RACONs)  and  a  limited  Long 
Range  Navigation  (mini  Loran-C)  system  in  the  St, 
Marys  River.  Prototype  ice  buoys  weis  tested  as 


replacements  for  regular  light  and  radar  buoys  which 
are  removed  prior  to  ice  conditions. 

The  U.S.  Army  Corps  of  Engineers  and  the  St. 
Lawrence  Seaway  Development  Corporation 
(SLSDC)  gathered  data  on  ice  and  weather  conditions 
throughout  the  Great  Lakes.  This  information  was 
channeled  through  the  Coast  Guard’s  Ice  Navigation 
Center  in  cooperation  with  reporting  stations  es¬ 
tablished  by  the  National  Weather  Service.  These  units 
provide  up-to-date  information  on  ice  and  weather 
conditions,  including  ice  forecasts  (from  techniques 
developed  by  the  Great  Lakes  Environmental 
Research  Laboratory),  ice  outlooks  and  ice  charts  in 
support  of  extended  season  shipping. 

The  U.S.  Coast  Guard  also  has  tested  several  sur¬ 
vival  suits,  survival  craft  and  position-indicating 
transponders  for  emergency  use  by  vessel  crews.  Both 
survival  suits  and  position  indicating  transponders 
have  been  adopted  by  vessel  operators. 

Canadian  interests  have  been  represented  on  the 
Winter  N  'igation  Board  as  observers  since  the  incep¬ 
tion  of  the  program.  A  Joint  U.S.  and  Canadian  Guide 
for  Icebreaking  was  developed  and  implemented  in¬ 
dependently  from  the  Demonstration  Program.  Ad¬ 
ditionally.  direct  coordination  between  the  St. 
Lawrence  River  operating  agencies  (e.g.,  St.  Lawrence 
Seaway  Development  Corporation  and  St.  Lawrence 
Seawuy  Authority)  has  occurred  throughout  the 
program.  Canadian  vessels  have  operated  on  the  Great 
Lakes  later  into  the  season  as  a  result  of  extended 
navigation  season  measures  and  the  St.  Lawrence 
Seaway  Authority  has  made  improvements  in  the 
Canadian  portion  of  the  Seaway  to  facilitate  operation 
in  ice  conditions. 

Unresolved  winter  navigation  issues 

One  of  the  stated  goals  of  the  Demonstration 
Program  was  the  accomplishment  of  vessel  transit 
tests,  under  severe  winter  ice  conditions,  in  the  St. 
Lawrence  River.  Notwithstanding  that  many  ice  con¬ 
trol  measures,  tests,  and  investigations  have  been 
carried  out  in  the  eight  years  of  Demonstration 
Program,  activities,  including  limited  vessel  transit  of 
ice  booms,  the  desired  goal  could  not  be  accomplished. 

Unresolved  issues  include  the  model  predictions  of 
effects  on  the  leve1  r  Lake  Ontario  and  flows  in  the  St. 
Lawrence  River.  Disruption  of  these  flows  have  poten¬ 
tial  impacts  on  power  production.  Associated  with 
flows  and  disrupted  ice  conditions  are  many  en¬ 
vironmental  questions  which  numerous  private  and 
State  groups  in  New  York,  including  the  Governor, 
feel  need  to  be  addressed  before  any  demonstration  oc- 
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curs.  Concern  has  also  been  raised  that  the  demonstra¬ 
tion  activities  cannot  proceed  without  formal  coor¬ 
dination  and  approval  of  the  Canadian  Government. 

These  critical  issues  affecting  vessel  transit  tests  on 
the  St.  Lawrence  River,  were  addressed  by  the  Winter 
Navigation  Board  in  a  resolution  passed  by  a  9  to  4 
split  vote  on  11  January  1979: 

Be  it  resolved  that: 

1.  The  Chairman,  on  behalf  of  the  Winter 
Navigation  Board,  shall  communicate  to  Congress  the 
sense  of  the  Board  regarding  the  Winter  Navigation 
Season  Extension  Demonstration  Program,  through 
the  Chief  of  Engineers  and  the  Secretary  of  the  Army, 
to  the  effect  that  the  Board: 

2  understands  its  obligation  to  provide  to  the 
Congress  timely  recommendations  on  its  findings  and 
conclusions  concerning  the  demonstration  program 
and  the  public  funds  appropriated  for  its  support. 

3.  understands  the  purpose  of  the  season  exten¬ 
sion  Demonstration  Program  is  to  demonstrate  the 
prat  inability  of  navigation  on  the  Great  Lakesar.d  St. 
Lawrence  Seaway  System  during  conditions  of  ice 
cover. 

4  wants  to  be  responsive  to  the  concerns  of  en- 
\  ironmcnial  and  conservation  interests  in  the  conduct 
of  a  season  extension  demonstration  program. 

5  recognizes  inai  it  cannot  achieve  agreement 
between  the  various  interested  parties  with  regard  to 
the  environmental  and  ecological  investigations,  in¬ 
cluding  an  investigation  of  measures  necessary  to 
ameliorate  any  adverse  impacts  upon  local  com¬ 
munities.  requisite  to  demonstration  on  the  St. 
Lawrence  River,  and  that  demonstration  of  winter 
navigation  on  the  St  Lawrence  River  will  not  be  possi¬ 
ble  within  the  current  authorization  of  Section  107(b), 
P.L  91-611. 

6  recognizes  that  the  time  and  financial  con¬ 
straints  which  the  Congress  placed  on  demonstration 
program  activities  prevents  undertaking  exhaustive 
environmental  baseline  studies,  however  justified  such 
studies  might  be  for  post-authorization  activity. 


and.  further,  that  the  Board- 
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7.  believes,  on  the  basis  of  actual  experience  and 
operational  activities  on  the  upper  Great  Lakesand  the 
lower  St.  Lawrence  River,  on  the  basis  of  the  1976  In¬ 
terim  Survey  Report,  that  substantial  evidence  exists 
<o  support  a  finding  of  technical  and  economic 
feasibility,  except  on  environmental  matters  in  the  St. 
Lawrence  River. 

8.  recommends  either  (a)  a  substantial  exten¬ 
sion  of  the  Demonstration  Program  cn  the  St. 
Lawrence  River  to  accommodate  the  stated  en- 
v  ironmental  objections;  or.  ( b)  that  as  an  alternative  to 
further  demonstration  on  the  St.  Lawrence  River, 
which  cannot  be  accompli'hed  under  current 
authorization,  and  in  order  to  comply  fully  with  the  in¬ 
vestigative  request  of  Congress,  that  the  feasibility 
report  scheduled  for  completion  in  FY  1980  under  Sec¬ 
tion  107(a).  P.L.  91-611.  include  provisions 
recommending  post-authorization  accomplishment  of 
the  St.  Lawrence  River  demonstration  program  objec¬ 
tives.  particularly  development  of  navigable  ice 
booms,  vessel  transit  tests,  and  investigation  of 
meusures  necessary  to  ameliorate  any  adverse  impacts 
upon  local  communities. 

9.  supports  the  early  completion  of  the  final 
leusibility  report  and  its  expedient  processing  to  the 
Coqgrcss.  while  recognizing  that  any  additional  en¬ 
vironmental  studies  which  Congress  deems  necessary 
may  be  authorized  and  funded  through  an  extension  of 
the  demonstration  program,  or  some  other  directive. 

10  recommends  that  remaining  unobligated 
funds  in  the  demonstration  program,  as  appropriate 
and  to  the  extent  necessary,  be  used  to  assure  comple¬ 
tion  of  the  feasibility  report  and  to  initiate  action 
suggested  by  agencies,  as  approved  by  the  Board,  as 
prerequisite  to  carryingout  planned  demonstration  ac¬ 
tivities  in  the  St.  Lawrence  under  current  authority. 


Part  II:  The  Demonstration  Program: 
A  Final  Report 


Organization 

The  chart  on  page  30  portrays  the 
organizational  structure  of  the  Winter  Navigation 
Board  Under  the  terms  of  a  Memorandum  of  Un- 


Aft  view  of  the  Naugatuck. 


The  Raritan  m  heavy  ice. 
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demanding  (see  page  135)  signed  by  the  par¬ 
ticipating  Federal  agencies,  the  Great  Lakes  Basin 
Commission  (GLBC)and  the  Great  Lakes  Commis¬ 
sion  (GLC),  the  Winter  Navigation  Board 
(established  in  July  1971)  prescribed  the  organiza¬ 
tion  and  procedures  for  managing,  coordinating 
and  reporting  on  the  Demonstration  Program.  The 
Board  is  composed  of  interested  Federal  and 
regional  agencies,  an  industry  and  a  labor  represen¬ 
tative,  an  Advisory  Group  formed  to  provide  input 
from  shipping  and  industrial  interests,  port 
authorities,  and  other  non-Federal  public  and 
private  interests,  and  a  Great  Lakes  representative 
for  all  the  Great  Lakes  States.  Observers  to  the 
Board  include  the  International  Joint  Commission, 
the  Department  of  State,  and  from  Canada,  the  St. 
Lawrence  Seaway  Authority  and  the  Canadian 
Coast  Guard.  Technical  advisors  to  the  Board 
represent  the  National  Aeronautics  and  Space  Ad¬ 
ministration  and  the  Energy  Research  and  Develop¬ 
ment  Administration. 


A  working  committee,  constituted  similarly  to 
the  Winter  Navigation  Board,  has  carried  out  the 
program  activities  approved  by  the  Board.  Seven 
work  groups,  each  headed  by  a  lead  agency  and 
assisted  by  associated  agencies,  have  conducted  ac¬ 
tivities  in  their  functional  area  Also,  attached  to  the 
working  committee  has  been  a  public  involvement 
subcommittee  as  well  as  state  observers  from  each 
Great  Lakes  State. 


Strategic  concept 

The  impetus  from  pnvate  industry  to  engage  in 
extended  season  shipping  has  been  fundamental  to 
the  concept  of  the  Demonstration  Program.  Ac¬ 
tivities  under  the  program  have  been  aimed  at 
developing  and,  where  possible,  testing  new  or  im¬ 
proved  methods  for  facilitating  commercial  ship 
voyages.  These  activities  have  included  finding 
solutions  to  winter  navigation  problems,  the  results 
of  which  have  provided  valuable  input  to  the  survey 
study. 

Several  principles  formed  the  keystone  of  the 
Board's  concept  regarding  both  types  and  locations 
of  activities  undertaken: 

1.  A  system  approach  has  been  essential  in 
order  to  address  all  significant  requirements  of 
winter  navigation  on  theGreat  Lakes-St.  Lawrence 
Seaway  System.  High  priority  was  assigned  to  the 
most  significant  requirements  or  problems. 

2.  While  different  conditions  throughout  the 
Great  Lakes  and  St.  Lawrence  Seaway  have  re¬ 
quired  different  solutions,  methods  or  approaches 
tested  have  been  adapted  elsewhere  in  the  system, 
wherever  possible. 

3.  To  assure  validity  of  demonstrations,  new 
techniques  have  been  tested  at  the  most  difficult 
passage  areas  along  major  vessel  routes,  including 
the  St.  Marys  River,  the  Straits  of  Mackinac,  the  St. 
Clair  and  Detroit  Rivers  and  St.  Lawrence  River. 

Program  funding 

Under  the  River  and  Harbor  Act  of  1970.  $6.5 
million  were  originally  authorized  for  a  three  year 
demonstration  program.  The  Water  Resources 
Development  Act  of  1974  increased  the  amount  to 
S9.5  million  and  extended  the  program  2'/i  years. 
The  program  was  further  extended  another  2 !4 
years  and  the  funding  increased  to  $15,968,000  by 
the  Water  Resources  Development  Act  of  1976. 

The  Winter  Navigation  Board  has  allotted  a 
total  of  $13,668,000  for  the  eight  years  of  the 
program.  These  funds  were  distributed  to  the  work 
groups  for  the  various  programs  as  shown  in  Table 
A,  $2,300  000  were  revoked,  because  time  con¬ 
straints  precluded  accomplishing  several  FY  79  ac¬ 
tivities  in  the  St.  Lawrence  River. 
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TABLE  A 


Demonstration  Program  Funding  Allocation 


Total 

Economic  Evaluation 

$  143.900 

Program  Element 

FY  72  -  FY  79 

Environmental  Evaluation 

S  1.609.600 

Ice  Information 

$  2,066.200 

Program  Management 

S  1.474,700 

Ice  Navigation 

S  2.428,000 

Public  Information  Subcommittee 

S  93.200 

Ice  Engineering 

S  668.400 

Reallocated  to  Survey  Study 

$  187.800 

Ice  Control 

$  1. 877.500 

Ice  Management 

$  3.118,700 

TOTAL 

SI  3.668.000 
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Part  III:  Yearly  Summaries  of  Activities 
FY  72 -FY  79 


FY  72 

The  first  year’s  results  were  encouraging.  When  a 
U  .S.  ore  carrier  made  the  final  transit  of  the  Soo  Locks 
in  the  St.  Marys  River  on  I  February  1972,  its  passage 
marked  the  first  time  in  history  that  commrrcial 
navigation  between  Lake  Superior  and  the  iower  lakes 
had  continued  into  the  month  of  February 

Nearly  2,000,000  tons  of  cargo  were  shipped 
through  the  St.  Marys  River  during  the  extended 
season,  more  than  half  of  which  was  iron  ore. 

Tests  of  a  3,000  foot  air  bubbler  line  placed  on  the 
River  at  a  difficult  turn  in  the  channel  by  Lime  Island 
proved  successful  in  preventing  the  heavy  ice  forma¬ 
tion  which  normally  occurs  at  this  bend  Several 


Taconile  pellets. 


navigational  aids  indicated  sufficient  prom.se  to 
warrant  further  testing  under  the  program. 

Much  information  was  acquired  on  iceconditions 
throughout  the  system,  and  improved  techniques  were 
developed  for  collecting  and  disseminating  such  infor¬ 
mation  and  forecasting  future  ice  conditions. 
Preliminary  data  was  obtained  on  the  pressures  ex¬ 
erted  by  ice  on  structures. 

Traffic  continued  on  the  St.  Lawrence  River 
above  Montreal  until  20  December  1971.  After  the 
close  of  the  navigation  season  the  power  entities  then 
completed  closure  of  the  two  ice  booms  which  cross  the 
navigation  channel  in  the  International  Section  of  the 
River  Designs  for  a  movable  gate  in  the  Ogdensburg 
Boom  were  prepared  in  anticipation  of  a  field  test. 

FY  73 

The  Great  Lak;s  navigation  season  of  1972-73 
through  the  St  Marys  River  was  again  increased  sub- 
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Exiting  the  Soo  Locks. 


stantially,  running  from  5  April  1972  through  8 
February  1973.  This  was  the  second  year  the  shipping 
season  extended  into  February.  Total  tonnage  through 
the  St.  Marys  RiverduringtheFY  73  extended  naviga¬ 
tion  season  increased  to  3.36  million  tons,  exceeding 
the  picvious  year  by  over  a  million  tons.  . 

Extension  of  the  navigation  season  on  the  St. 
Lawrence  Seaway  in  I972str$tched  to  23  December.  In 
addition,  the  relatively  mild  winter  permitted  the  open¬ 
ing  of  the  1973  navigation  season  on  28  March, 
resulting  in  the  shortest  closed  period  in  history  both 
for  the  Seaway  and  the  Locks  at  the  Soo  (8  February  to 
I  April). 

Among  FY  73  Demonstration  Program  activities 
were  several  carried  over  from  FY  72.  These  were  the 
operation  of  the  Soo  Locks  as  late  as  necessary  for 


vessel  transits  (Corps),  the  operation  of  the  Ice  Naviga¬ 
tion  Center  at  Cleveland  (Coast  Guard),  and  the  Ice 
and  Weather  Forecast  Operation  (National  Weather 
Service). 

Also  continued  from  FY  72  were  ice  surveillance 
and  aerial  reconnaissance  activities  and  provisions  for 
transportation  assistance  for  island  residents.  The 
ferry.  Sugar  Islander,  was  modified  to  improve  its  ice 
operating  capabilities. 

New  activities  conducted  in  FY  73  included  the 
use  of  an  airboat  for  transporting  residents  of  Lime 
Island  across  the  ice  covered  channel,  the  testing  of  ex¬ 
perimental  ice  buoys  and  anchors,  and  the  successful 
testing  of  RACONs  and  survival  suits.  Plans  were 
prepared  for  testing  a  thermal  discharge  ice  suppres¬ 
sion  system  in  Saginaw  Bay. 


In  conjunction  with  the  St.  Lawrence  Seaway 
Development  Corporation's  ongoing  program,  a 
prototype  ice  boom  gate  was  installed  at  Ogdensburg. 
New  York,  but  was  not  tested  under  ice  conditions  due 
to  objections  of  the  power  entities  involved.  They 
desired  to  develop  a  stable  i  ce  cover  as  early  as  possible 
to  protect  power  generating  capabilities.  The  original 
boom,  installed  late  each  fall  by  hydroelectric  power 
interests,  assists  in  the  formation  and  maintenance  of  a 
stable  ice  cover.  The  movable  gate,  as  installed,  used 
floating  barges  on  which  gate-operating  equipment 
was  mounted. 


The  FY  74  Great  Lakes  navigation  season 
through  the  St.  Marys  River  was  extended  to  7 
February  1974.  the  third  consecutive  year  that  the 
season  was  extended  into  February.  The  total  tonnage 
shipped  through  the  Soo  Locks  increased  to  4  78 
million  tons  for  the  extended  season.  The  shipping 
season  on  the  St.  Lawrence  was  extended  six  days  in 
December  beyond  the  16th.  The  St.  Lawrence  River 
achieved  its  earliest  opening  date  during  the  program 
(26  March  1974). 

Activities  at  the  Ice  Navigation  Center  were  con¬ 
tinued  throughout  the  Demonstration  Program  in 
conjunction  with  ice  surveillance  and  aerial  recon¬ 
naissance  activities  and  ice  and  weather  forecasts. 

Studies  of  ice  conditions  in  the  St.  Marys  River 
were  carried  out  to  determine  the  effects  of  winter 
navigation  on  shore  erosion  and  shore  structures.  Con¬ 
tinued  testing  of  the  ice  buoys  in  the  St.  Marys  and 
Detroit  Rivers  demonstrated  their  effectiveness  in  ice 
conditions.  Results  of  tests  of  modified  Radar 
Transponder  Beacons  (RACONs)  and  a  Precise 
Laser' Radar  Navigation  System  were  encouraging. 

Additional  adaptation  and  testing  of  survival 
equipment  were  continued,  and  survival  suits  weredis- 
tributed  to  vessel  crews  operating  during  the  FY  74  ex¬ 
tended  season  under  ice  free  conditions.  Tests  of  the 
gate  installed  in  the  Ogdensburg-Prescott  ioe  boom 
were  continued  and  two  vessel  transits  were  made  in 
late  November  1973. 

The  air  bubbler  system  in  Duluth-Superior  Har¬ 
bor  was  operated  for  evaluation  of  environmental  im¬ 
pacts  and  system  effectiveness.  The  airboat  at  Lime 
Island  continued  to  provide  and  test  transportation 
sen-ice  for  island  residents.  Preliminary  plans  for  a 
thermal  ice  suppression  facility  in  Saginaw  Bay  were 
prepared,  detailed  design  of  the  facility  was  initiated, 
and  baseline  environmental  data  were  collected  to 
provide  for  evaluation  of  environmental  effects. 


The  bubbler-flusher  system  at  the  mainland  dock 
of  the  Sugar  Island  feriy  prevented  excessive  ice  build¬ 
up  in  the  slip.  Ice  accumulations  in  Little  Rapids  Cut, 
however,  continued  to  interfere  with  ferry  service.  A 
scope  of  work  was  prepared  for  a  model  study  of  ice 
conditions  in  Little  Rapids  Cut  to  be  conducted  in  FY 
75  to  determine  the  most  effective  long-range  solution 
to  the  problem. 

Draft  reports  on  two  systems  studies  were  com¬ 
pleted.  one  for  the  St.  Lawrence  River  and  one  for  the 
St.  Clair-Detroit  Rivers  System.  The  systems  studies 
determined  the  probab'e  modifications,  structural 
measures,  and  associated  costs  for  extension  of  the 
navigation  season  in  these  locations. 

FY  75 

For  the  first  time  in  history,  the  Great  Lakes 
navigation  season  was  extended  to  a  full  twelve  months 
on  the  upper  four  Great  Lakes.  The  tonnage  passing 
through  the  Soo  Locks  for  the  FY  75  extended  season 
(16  December  -  31  March)  was  9.134.539  tons,  the 
largest  total  reached  during  the  Demonstration 
Program.  The  large  tonnage  figure  reflects  the  faetthat 
the  strike  in  the  steel  industry  sharply  curtailed  the  nor¬ 
mal  season  shipment  of  ore  which  put  a  high  demand 
on  the  need  for  shipping  during  the  extended  season  to 
meet  production  needs. 

Testing  of  ice  buoys  continued  in  confined  waters 
of  the  Great  Lakes  and  St.  Lawrence  River.  RACON 
installations,  as  in  past  years,  added  significantly  to 
safe  vessel  passages  in  difficult  navigation  areas.  Field 
tests  and  demonstration  of  crew  safety  and  survival 
devices  focused  heavily  on  individual  and  group  ex¬ 
posure  protection,  distress  alert  and  detection 
enhancement,  and  a  man  overboard  alarm. 

T ests  of  an  ice  boom  designed  to  allow  vessel  tran¬ 
sits  were  successfully  completed  at  Copeland  Cut  in  the 
St.  Lawrence  River.  Model  tests  defined  an  optimum 
ice  flushing  system  for  the  Eisenhower  and  Snell 
Locks.  Measurements  of  ice  forces  on  ice  booms  and 
piles  were  continued.  An  operational  plan  for  the 
alleviation  of  temporary  disruptions  to  ferry  service  in 
Little  Rapids  Cut  in  the  St.  Marys  River  was  im¬ 
plemented.  This  included  extensive  efforts  by  the 
Coast  Guard  in  the  area  of  preventive  icebreaking. 

Improvements  to  the  Lime  Island  airboat  resulted 
in  more  satisfactory  operation  and  improved 
passenger  comfort.  The  bubblcr-flushei  system  at 
Sugar  Island  performed  satisfactorily  throughout  the 
extended  season. 

A  model  study  of  Little  Rapids  Cut  in  the  St. 
Marys  River  identified  a  pair  of  ice  booms  as  a  poten- 
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Experimental  winter  buoys  arc  unloaded  on  St 
Lawrence  Hiver. 


dully  viable  remedial  measure  to  control  ice  floes  inthe 
Cut.  During  the  winter  of  75-76.  the  thermal  ice  sup¬ 
pression  test  on  Saginaw  Bay  was  installed.  In  order  to 
evaluate  the  potential  impacts  of  the  thermal  ice  sup¬ 
pression  test,  the  collection  of  environmental  baseline 
data  in  the  area  surrounding  the  test  site  location  was 
continued  The  System  Plan  for  All-Year  Navigation 
(SPAN)  on  the  St.  Lawrence  Piver  between  Montreal 
and  Lake  Ontario  was  completed 

During  FY  75,  icebreaking  operations  were 
directed  more  to  preventive  or  maintenance  icebreak¬ 
ing  than  in  previous  years,  placing  greater  emphasis  on 
keeping  the  channel  open  rather  than  responding  to  re¬ 
quests  for  assistance.  This  effort  was  particularly 
successful  with  ferry  and  ore  boat  traffic  in  the  Little 
Rapids  Cut  area  and  in  the  St  Marys  River  in  general. 


Following  the  adoption  of  Long  Range  Naviga¬ 
tion  (Loran-C)  as  the  national  navigation  system  for 
the  coastal  confluence  zone,  the  Coast  Guard  installed 
a  mini  Loran-C  system  in  the  St  Marys  River  to  test  its 
elfectiveness  in  an  area  of  narrow  channels. 

The  St.  Lawrence  Seaway  Development  Corpora¬ 
tion  (SLSDC)  contracted  for  the  instrumentation  and 
testing  of  an  ice  boom  at  Copeland  Cut.  The  basic  goal 
of  the  project  was  to  collect  data  on  the  forces  exerted 
on  an  ice  control  structure  by  water,  wind.  ice.  and 
ships  An  additional  goal  of  the  project  was  to 
physically  demonstrate  tha'  a  vessel  could  navigate 
through  an  opening  in  an  ice  boom  without  disrupting 
the.stabihty  of  an  ice  cover  or  the  hydraulic  integrity  of 
the  river.  The  data  gained  from  the  project  has  been 
used  to  calibrate  mathematical  and  hydraulic  model- 
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ing  techniques  which  would  he  used  in  future  design 
optimization  of  other  ice  control  structures  in  the  St. 
Lawrence  River. 

During  the  1974-75  season,  an  operational  plan 
was  established  for  the  St.  Marys  River  to  deal  with  the 
island  transportation  problem.  It  operated  in 
successive  years,  anticipating  potential  ice  problems  to 
the  ferry  service,  and  improving  methods  of  coping 
with  temporary  ferry  interruption.  The  plan  allowed 
for  the  complete  termination  of  winter  shipping  should 
ferry  service  become  seriously  interrupted 

A  model  study  was  conducted  of  the  Little  Rapids 
Cut  area  of  the  St.  Marys  River  in  FY  75.  As  a  result,  a 
navigation  ice  control  boom  was  installed  to  alleviate 
navigation-related  ice  problems.  The  boom,  reinstalled 
in  each  consecutive  year,  has  been  augmented  with  ad¬ 
ditional  ice  stabilization  structures,  and  closely 


View  of  St.  Lawrence  River  ice  model. 
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monitored  with  strain  gauges 

Other  activities  included  an  outdoor  recreation 
study  on  the  St.  Marys  River,  a  fish  study  at  a  proposed 
long  line  bubbler  site,  pressur.;  wave  measurements. 
.  and  a  study  of  effects  of  turbulence  on  water  sediments 
and  organisms. 

FY  76 

For  the  second  consecutive  >,  tar,  the  upper  four 
Great  Lakes  operated  on  a  twelve  month  basts.  Ton¬ 
nage  of  all  cargoes  passing  through  the  Soo  Locks  in 
ti.e  St.  Marys  River  reached  5.66  million  tons,  a 
decrease  from  the  previous  season,  but  in  keeping  with 
decreases  in  overall  waterborne  traffic  throughout  the 
world  in  1975.  The  season  on  the  St.  Lawrence  River 
ended  on  20  December. 


The  bubbler  flushersvstem  was  again  operated  to 
assist  the  operation  of  the  Sugar  Island  ferry.  The  Lime 
Island  airboat  was  also  tested  this  fiscal  year.  Further 
tests  of  electronic  aids  to  navigation  were  performed, 
including  RACONs.  laser  range  lights,  and  precise 
laser  radar  navigation  systems.  Initial  tests  were  per¬ 
formed  on  the  use  of  mini  Loran-C  in  the  St.  Marys 
River 

Based  on  the  results  of  the  St.  Marys  River  model 
study  of  the  Little  Rapids  Cut.  an  ice  boom  with  a 
navigation  gap  was  installed  above  the  Cut  to  providea 
positive  test  of  the  ability  of  a  boom  with  a  navigation 
gap  to  retain  ice  when  major  vessels  move  through  it. 

A  study  was  completed  of  the  St  Clair-Detroit 
Rivers  System  to  identify  measures  necessary  toextend 
t  he  season  in  that  system.  A  four  part  study  plan  for  en¬ 
vironmental  baseline  collection  and  preliminary 
esaluation  of  the  St.  Lawrence  River  was  initiated  by 
SLSDC.  The  studies  included  fisheries,  recreation, 
shoreline  erosion  and  structure  damage,  and  potential 
elfects  on  island  transportation. 

In  addition,  the  St.  Lawrence  River  ice  breakup 
forecast  was  completed  and  became  operational  in  FY 
76  and  the  Saginaw  Bay  thermal  ice  suppression 
system  was  tested. 

FY  77 

The  winter  of  1976-77  was  particularly  severe. 


causing  the  demonstration  effort  to  close  down  during 
the  month  of  February  for  an  1 1  -month  season  on  the 
upper  four  Great  Lakes.  Tonnage  shipped  through  the 
Soo  Locks  totaled  2.94  million  tons.  Contributing  to 
the  low  tonnage  totals  for  that  season  was  the  fact  that 
ore  inventories  in  the  industrial  centers  of  the  lower 
lakes  were  high,  giving  the  shipping  industry  the  option 
of  halting  movement  because  of  adverse  weather  con¬ 
ditions. 

Although  the  Demonstration  Program  was  halted 
fora  briefperiod.shippingthroughtheSoo  Locks  con¬ 
tinued  throughout  the  winter  at  the  request  of  the 
Canadian  government  to  enable  it  to  ship  emergency 
cargoes  of  fuel  oil. 

The  shipping  season  on  the  St.  Lawrence  River 
again  was  extended  several  days  beyond  the  traditional 
closing  date,  but  the  severe  conditions  delayed  the 
opening  of  the  river  three  days  beyond  the  April  target 
date. 

Funding  constraints  limited  FY  77  demonstration 
activities  primarily  to  ongoing  activities,  including 
icebreaking  operations,  operation  of  the  Ice  Naviga¬ 
tion  Center,  ice  and  weather  forecasts,  operation  of  the 
St.  Marys  River  ice  boom,  and  those  activities 
necessary  to  insure  island  transportation  for  the  St. 
Marys  River  area. 

Other  activities  conducted  were  modeling  of  the 
Galop  Island  ice  boom  modifications  and  a  continua¬ 
tion  of  environmental  studies  on  the  St.  Lawrence 
River  by  the  Department  of  the  Interior. 


FY  7X 

For  the  third  time,  the  Demonstration  Program 
extended  the  navigation  season  to  a  full  12  months  on 
the  upper  four  Great  Lakes.  Tonnage  shipped  through 
the  Soo  Locks  rose  to  6  84  million  tons.  The  shipping 
season  on  the  St.  Lawrence  was  extended  to  the  latest 
closing  date  of  the  program  (26  December  1977): 
however,  the  season  opening  was  again  delayed  two 
days  beyond  the  target  opening  date. 

The  majority  of  this  year's  activities  centered 
around  the  St.  Marys  River.  The  ice  boom  -vas 
reinstalled  above  the  Little  Rapids  Cut.  along  with  ad¬ 
ditional  ice  stabilization  measures,  and  was  monitored 
throughout  the  season  The  Lime  Island  airboat  and 
Sugar  Island  bubbler  (lusher  were  again  tested  and 
operated.  A  study  was  undertaken  to  determine  effects 
ol  ship  induced  vibrations  on  shore  structures.  A 
limited  shore  erosion  and  dock  damage  protection 
study  was  undertaken. 
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A  series  of  activities  were  undertaken  to  determine 
the  effects  of  winter  navigation  in  the  area  at  the  head 
of  the  St.  Clair  River,  includinga  model  study  and  field 
data  collection.  Environmental  studies  were  continued 
on  the  St.  Lawrence  River  and  a  study  of 
macrohenthos  was  undertaken  by  the  Department  of 
the  Interior  in  the  St.  Clair  River. 

The  New  York  Department  of  Environmental 
Cmiscrvation(NYDEC)  funded  underthc  Demonstra¬ 
tion  Program  conducted  assessment  studies  to  deter¬ 
mine  possible  adverse  effects  of  Demonstration 
Program  activities  on  the  St.  Lawrence  River 

FY  7V 

Again  in  FY  79.  the  final  year  of  the  Demonstra¬ 
tion  Program,  the  navigation  season  on  the  upper  four 
(ircat  Lakes  was  extended  to  a  full  12  months  There 
were  536  transits  through  the  Soo  Locks  during  the  cx- 
tended  season,  carrying  a  total  of  6.63  million  tons  of 
cargo  Shipping  on  the  St.  Lawrence  River  continued 
until  22  December  1978. 

During  this  final  year  of  the  program  the  same 
.operational  activities  (as  Uone  in  previous  years)  were 
conducted  to  provide  transportation  to  the  Island 
residents  including  the  ice  boom,  stabilization  islands. 
Sugar  Island  bubbler  flusher.  and  the  Lime  Island  air- 
boat. 

A  number  of  environmental  studies  were  con¬ 
ducted  during  this  fiscal  year.  These  studies  included 
an  analysis  of  control  sites  within  and*  outside  the 
proposed  demonstration  corridor  on  the  St.  Lawrence 
River,  a  comparative  study  of  the  St.  Marys  and  St. 
l-awrence  Rivers,  a  St.  Lawrence  River  fisheries  study, 
a  studs  of  ship-induced  waves  in  an  ice  environment, 
arid  a  studs  of  the  effects  of  winter  navigation  on 
waterlowl  and  raptorial  birds  in  the  St.  Marys  River 
area. 

Again  this  year,  intensive  studies  were  performed 
to  document  ice  conditions  on  the  St.  Marys  River. 
These  studies  included  vertical  aerial  and  time-lapse 
photography,  aerial  reconnaissance,  ice  thickness 


A  cold  ajtcrnotni  at  s ca. 


measurements,  and  the  continuation  of  shore  erosion, 
shore  structure  damage,  and  hanging  dam  studies.  Ice 
marking  and  monitoring  and  measurement  of  water 
levels  and  air  and  water  temperatures  were  also  con¬ 
ducted.  The  Great  Lakes  Environmental  Research 
Laboratory  continued  its  efforts  with  both  short  and 
long  range  freeze-up  and  break-up  forecasts. 

The  National  Weather  Service  installed  ad¬ 
ditional  equipment  to  receive  weather  satellite  and 
Side  I  ooking  Airborne  Radar  reconnaissance  imagery 
in  an  effort  to  improve  the  qualitv  of  ice  forecasts  and 
charts  for  Coast  Guard  and  shipping  operations. 

A  model  study  initiated  in  FY  78  was  conducted  in 
F  Y  79  of  the  St  Clair  River  to  determine  the  optimum 
design  of  an  ice  control  structure  at  the  head  of  the  St. 
Clair  River  Thcstudv  was  supported  by  field  data,  in¬ 
cluding  drogue  studies  to  determine  water  velocities, 
measurement  of  under-ice  water  velocities,  collection 
of  additional  weather  data,  and  time-lapse 
photography  of  ice  movement  at  the  head  of  the  St. 
Clair  River. 

Modifications  to  the  Main  Galop  Island  and 
Ogdenshurg-Prescott  ice  booms  to  allow  test  transits 
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Part  IV:  Summary  of  Season  Extension  Results 


Transit  in  the  Ire. 


ol  vessels  were  scheduled  to  take  place  in  FY  79.  These 
tests  were  indefinitely  postponed  because  resolution  of 
water  levels  and  How  predictions  from  model  studies 
could  not  be  achieved  and  because  environmental 
baseline  data  could  not  be  obtained  within  the  time 
limitations  of  the  program  authorisation. 

Opposition  hv  private  and  governmental  agencies 
ol  the  Stale  ol  New  York  was  instrumental  in  focusing 
this  lack  ol  data.  Additionally,  the  question  ol  whether 
the  State  ol  New  York,  the  International  Joint  Com¬ 
mission  < l JO  or  the  Corps  of  Engineers  had  jurisdic¬ 
tion  pertaining  to  the  installation  of  booms,  was  not 
resolved. 

Other  studies  conducted  were:  continuing  tests  of 
effectiveness  of  ice  booms:  the  determination  of  forces 
on  structures  by  both  stable  and  moving  ice:  and 
demonstration  of  measures  for  dock  structure  protec¬ 
tion. 

The  Coast  Guard  received  the  first  in  a  new  class 
of  140-foot  icebreaking  tugs  which  wiil  replace  some  of 
the  older  vessels,  greatly  upgrading  Great  Lakes 
icebreaking  capabilities. 


The  Demonstration  Program  activities  were 
successful  in  substantially  extending  the  season  on  the 
upper  four  Great  Lakes  during  the  entire  program. 

During  the  latter  half  of  the  program,  the  naviga¬ 
tion  season  on  the  upper  four  Great  Lakes  was  extend¬ 
ed  to  a  full  twelve  months.  The  closing  date  for  the  nor¬ 
mal  operating  season  for  this  system  had  been  16 
December. 

Over  41  million  tons  (approximately  4,000  vessel 
transits)  of  various  cargoes  were  shipped  through  the 
St.  Marys  River  during  the  extended  season;  more 
thun  half  of  this  total  was  iron  ore. 

Much  information  was  acquired  on  ice  conditions 
throughout  the  system,  and  improved  techniques  were 
developed  for  collecting,  disseminating  and 
forecasting  such  information. 

Traffic  movement  in  the  International  Section  of 
the  St.  Lawrence  River  above  Montreal  continued  to 
2ft  December,  which  was  two  weeks  beyond  the 
prev  iousIv  established  closing  date  of  1 2  December.  Ice 
boom  improvements  which  will  allow  ve.-.el  movement 
through  the  booms  have  now  been  designed  for  this 
section  of  the  River.  Both  physical  and  mathematical 
model  studies  have  been  conducted  which  indicate  that 
minimul  adverse  effects  will  occur  to  the  water  level  of 
Lake  Ontario  or  flow  of  the  St.  Lawrence  River. 
Because  of  time  constraints,  environmental  and 
hydraulic  questions  could  not  be  resolved,  thereby 
precluding  actual  vessel  transit  tests  in  the  area. 

A  significant  portion  of  the  resources  for  the 
Demonstration  Program  was  used  to  investigate  sup¬ 
porting  systems  for  winter  navigation  season  exten¬ 
sion.  The  basic  information  collected  from  continued 
development  of  ice  forecast  techniques,  data  acquisi¬ 
tion.  surveillance  of  ice  conditions,  and  special  studies 
will  be  useful  as  a  partial  data  base  against  which  to 
compare  future  evaluations  of  the  environmental 
effects  associated  with  navigation  season  extension. 

The  findings  and  conclusions  detrived  from  the 
Demonstration  Program  have  been  summarized  in 
Part  IV  of  the  report  beginning  on  page  129. 
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Ice  at  a  St,  Lawrence  River  lock. 


I.  GREAT  LAKES  AND 
ST.  LAWRENC  E  SEAWAY 
WINTER  NAVIGATION: 
ITS  BEGINNING 


The  need 


Wuh  the  opening  of  the  hi-nattonul  St.  (  awrencc 
Seaway  in  1959.  the  Great  l.akes-St.  Lawrence  Seaway 
became  a  navigable  deep  draft  system,  extending  near¬ 
ly  half-way  across  the  North  American  continent. 

In  the  winter  months,  normally  between  mid- 
December  and  early  April,  the  system  is  closed  down 
by  winter  weather  and  ice  conditions.  The  ports  of  the 
I  akes,  among  the  largest  in  the  Nation,  with  their  giant 
gantries  and  their  extensive  cargo  moving  apparatus, 
are  effectively  closed  and  many  of  their  people  are 
without  or  seek  other  employment.  Ocean  vessels  are 
excluded  from  the  system  and  lakers  head  for  winter 
mooring.  Normal  waterborne  commerce  all  but  stops. 

The  industrial  heartland  of  America,  which  calls 
upon  water  transportation  to  provide  its  raw  materials. 


reverts  to  more  costly  means  of  supply:  the  stockpiling 
ol  materials  lor  continuing  operation  during  the  winter 
months  or  shipping  hv  overland  modes. 

hor  many  years  and  particularly  since  the  opening 
ol  the  Seaway,  commercial  shipping  interests  have 
considered  the  potential  ol  an  extension  to  the  naviga¬ 
tion  season.  Car  terries,  in  lact.  do  continue  to  operate 
vcai-ionnd  and.  weather  permitting,  coal  is  .moved 
hum  loledo  to  Detroit  and  various  petroleum 
pioducts  are  moved  m  I  ake  Michigan  and  the  Detroit 
aiea.  However,  other  upper  lakes  navigation  was  lorc- 
cd  lo  cease  during  the  winter  months  in  part  because 
ol  ice  onditions  hut  also  because  it  was  not  practical 
10  handle  Iro/en  cargoes. especially  iron  ore.  Then  the 
development  ol  (aconite  pellets  in  the  late  fillies  to  ex¬ 
tend  the  waning  stipplv  ol  iron  ore  in  Minnesota  and 
Michigan  made  winter  material  handling  operation- 
leasihle  I  his  led  directly  to  renewed  interest  in  the 
possibility  ol  extending  the  navigation  season  intothe 
winter  months. 

I  he  basic  purpose  ol  the  Demonstration  Program 
was  to  demonstrate  the  practicability  ol  extended 
season  navigation,  utilizing  lor  the  most  part,  existing 
know  ledge  and  current  technology .  An  associated  pur¬ 
pose  was  improv  ing  the  state-of-the-art  where  existing 
technology  was  unable  to  cope  with  the  problems. 


The  system  and  the  region  it  serves 


The  Great  Lakes  Basin,  including  the  five  Great 
I  akes  Superior.  Michigan.  Huron.  Erie  and  On- 


tario  —  comprises  a  land  area  of  over  300,000  square 
miles  drained  by  the  St  Lawrence  River  through  the 
Gulf  of  St.  Lawrence  into  the  Atlantic  Ocean.  Com¬ 
bining  the  St.  Lawrence  River,  the  basins  of  lakes  and 
lakeway  channels,  the  waterway  encompasses  some 
95.000  square  miles.  The  principal  connecting  channels 
in  the  system  are  the  St.  Marys  River  between  Lakes 
Superior  and  Huron,  the  Straits  of  Mackinac  between 
Lakes  Michigan  and  Huron,  the  St.  Clair  River-Lake 
St.  Clair-Detroit  River  system  between  Lakes  Huron 
and  Erie,  and  the  Welland  Canal  between  Lakes  Erie 
and  Ontario. 

Navigation  locks  are  located  on  three  sections  of 
the  system:  on  the  St.  Lawrence  River;  on  the  Welland 
Canal:  and  on  the  St.  Marys  River  (Soo  Locks).  The 
locks  provide  a  lift  of  nearly  580  feet,  between  Mon¬ 
treal  and  the  head  of  the  Great  Lakes.  Lake  vessels 
1.000  feet  long  and  105  feet  wide  can  traverse  the 
largest  of  the  five  parallel  locks  at  Sault  Ste  Marie  in 
the  St.  Marys  River.  Below  Lake  Erie  vessel  site  is 
limited  by  lock  dimensions  to  730  feet  in  length  and  76 
feet  in  width.  The  channels  and  some  30  major  harbors 
in  ihe  system  have  been  improved  through  dredging  to 
maintuin  a  27-foot  controlling  depth  below  low  water 
datum. 

Depth  overthesillsofalllocksintheSt.  Lawrence 
River  and  the  Welland  Canal  is  30  feet.  At  the  Soo 
Locks  the  depth  for  the  MacArthurand  Poe  Locksare 
31  and  32  feet,  respectively,  allowing  transit  of  vessels 
drawing  up  to  25  feet  6  inches  through  the  entire  Great 
Lakes /St.  Lawrence  Seaway  system. 

The  Great  Lakes  region  is  defined  as  consisting  of 
a  19-state,  economically  identifiable  tributary  area  in¬ 
cluding  the  eight  suites  bordering  the  lakes 
(Minnesota.  Wisconsin.  Illinois.  Indiana.  Michigan. 
Ohio.  Pennsylvania  and  New  York)  and  eleven  adja¬ 
cent  states  (Montana,  Wyoming.  Colorado,  North 
Dakota.  South  Dakota.  Nebraska,  Kansas.  Iowa.  Mis¬ 
souri.  Kentucky  and  West  Virginia).  This  19-state 
region  generates  25%  of  the  Nation's  general  cargo 
traffic  and  16%  of  the  bulk  cargo,  including 
midwestern  grain  shipments. 

In  1977  the  Great  Lakis-St.  Lawrence  Seaway 
System  carried  186  million  tons  of  cargo,  including 
significant  percentages  of  U.S  waterborne  traffic  in 
iron  ore  (72%),  coal  (19%),  limestone  (76%)  and  gyp¬ 
sum  (98%). 

Two  of  the  five  largest  U.S.  cities  with  a  popula¬ 
tion  in  excess  of  one  million-  Detroit  and 
Chicago  -are  located  on  the  Great  Lakes.  Based  on 
I97C  figures,  within  the  U.S  portion  of  the  Great 
Lakes  Basin  area  are  some  30  million  people  —  more 
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Coast  Guardsman  works  in  winter  dress. 


C'ew  works  under  u  inter  conditions 


than  14%  of  the  total  U,S.  population.  The  Basin  con¬ 
tains  several  national  industrial  centers  and  isoriented 
toward  manufacturing.  In  fact,  nearly  four  million 
people  --  35%  of  the  business  labor  force  --  are 
employed  in  manufacturing. 

The  Basin  contains  extensive  mineral,  forest, 
agricultural,  and  fish  and  wildlife  resources.  Nearly 
hall  ofthe  Nation's  steel  production.  1 2%  of  its  mining, 
and  37%  of  its  grain  emerge  from  the  eight  Great  Lakes 
States  alone.  Also  included  within  the  Great  Lakes 
Basin,  of  course,  are  heavily  populated  areas  in  the 
provinces  of  Ontario  and  Quebec,  including  the  two 
largest  cities  in  Canada— Toronto  and  Montreal. 


Congressional  support 


Prior  studies 

Prior  to  the  authorization  of  the  present 
Demonstration  Program.  Congress  funded  a  concep¬ 
tual  study  under  Sec.  304  ofthe  1963  Riverand  Harbor 
Act  (PL  8V-29&).  The  purpose  ol  this  study,  entitled 
Feasibilin  Report  on  Great  Lakes  and  Si.  Lawrerue 
Seaway  Sanitation  Season  Extension,  was  to  provide 
a  preliminary  report  on  the  practicability,  methodsand 
economic  justification  for  an  extension  of  the  naviga¬ 
tion  season  on  the  Great  Lakcs-St.  Lawrence  Seaway 
System. 

The  study  identified  precise  problems  of  winter 
navigation  that  currently  preclude  general  intra-lake, 
intcr-lakc  and  international  nuvigution.  It  included  a 
review  ol  world-wide  techniques  and  experience,  and 
identified  the  existing  and  potential  physical  and 
economic  means  which  might  be  used  to  eliminate  - 
cither  partially  or  totully  -  the  problems  associated 
with  navigation  under  total  ice  conditions.  The  report 
recommended  that  a  lull  scale  study  of  the  Great 
l.akes-St.  Lawrence  Seaway  System  be  authorized  in 
order  to  determine  means  of  extending  the  navigation 
season,  including  (but  not  limited  to)  a  determination 
ol  costs,  economic  justification  and  the  environmental 
el  feels. 

Current  legislation 

The  Winter  Navigation  Demonstration  Program 
was  authorized  by  Congress  in  Sec,  107  of  the  River 
and  Harbor  Act  (PL  9I-6I I),  approved  31  December 
970.  The  Programauthorizationiscomposedol'three 
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parts:  (I)  Section  107(a); a  Survey  Study  todetermme 
the  economic  justification,  engineering  practicability, 
and  environmental  and  social  impacts  ot  an  extended 
navigation  season,  (2)  Section  107(b);  the  Demonstra¬ 
tion  Program,  an  action  program  aimed  at 
demonstrating  both  the  practicability  and  the  means  of 
extending  the  navigation  season,  and  (3)  Section 
107(c);  a  study  of  ways  and  means  to  provide 
reasonable  insurance  rates  for  shippers  and  vessels 
engaged  in  waterborne  commerce  beyond  the  current 
navigation  season. 


Section  107(a):  In  partial  response  to  the  Survey 
Study  authority  an  Interim  Feasibility  Study  report 
dated  March  1976  was  prepared  and  recommended  an 
extension  of  the  shipping  season  to  3 1  January  (♦  two 
weeks)  on  an  operational  basis  for  the  upper  four  Great 
Lakes  -  -  Superior.  Michigan,  Huron  and  Erie  --  and 
their  connecting  channels. 

Srction  107(b)  of  the  Act  stipulated  that  the 
results  of  the  Demonstration  Program  should  be  sub¬ 
mitted  to  Congress  not  later  than  30  July  1974. 
However,  Stciion  70  of  the  Water  Resources  Develop- 
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Coait  Guard  Cutter  Raritan  at  work. 


went  Act  of  1974  (PL  93-251)  amended  the  submittal 
date  to  31  December  1976.  and  the  Water  Resources 
Development  Act  of  1976  7/7.  V4-587)  further  amend¬ 
ed  the  submittal  date  to  30  September  1979  and  in* 
creased  the  total  funds  for  the  program  to  $ 1 5.968.000. 

Many  key  problems  identified  in  the  initial  con¬ 
ceptual  survey  study  are  addressed  in  the  Demonstra¬ 
tion  Program  to  determine  if  the  problems  can  be 
physically  overcome  to  permit  winter  navigation  in  the 
system  The  Demonstration  Program  Final  Report 
does  not  contain  recommendations.  Only  findingsand 
conclusions  concerning  the  results  of  the  extended 
season  effort  through  FY  79  are  included  m  the  report. 
The  Demonstration  Program  is  a  test  of  methods  for 
winter  navigation.  It  does. not  address  feasibility  of 
season  extension,  and  ends  in  September  1979  withthe 
submission  to  Congress  of  this  Demonstration 
Program  Final  Report. 

Task  management 

I  he  Demonstration  Program  is  organized  under 
the  broad  terms  of  a  Memorandum  of  Understanding 
signed  at  the  headquarters  level  by  the  represented 


Federal  Agencies.  The  complete  memorandum  is  cited 
on  page  135.  The  Winter  Navigation  Board  is  es¬ 
tablished  under  the  memorandum  to  direct  the  multi¬ 
agency  organization.  The  Winter  Navigation  Board  is 
composed  ol  senior  representatives  of  the  participating 
Federal  agencies  and  invited  non-Federal  public  and 
private  interests  to  coordinate  planning,  program¬ 
ming.  budgeting,  execution  and  reporting  or  in¬ 
vestigations  and  demonstration  activities. 

I  he  agencies  represented  on  the  Board  are  the 
Corps  of  Engineers.  Coast  Guard.  St  Lawrence 
Seaway  Development  Corporation.  Department  of  the 
Interior.  Maritime  Administration.  National  Oceanic 
and  Atmospheric  Administration.  Federal  Energy 
Regulatory  Commission.  Environmental  Protection 
Agency,.  Great  Lakes  Commission,  and  Great  Lakes 
Basin  Commission.  An  Advisory  Group  lo  the  Board, 
formed  lo  provide  input  from  industry  and  labor, 
provides  two  members  to  serve  on  the  Board.  Ad¬ 
ditionally  a  representative  of  the  eight  Great  Lakes 
states  is  a  member  of  the  Board.  Observers  from  the  St. 
Lawrence  Seaway  Authority  of  Canada,  the  Canadian 
Coast  Guard,  the  International  Joint  Commission  and 
the  U  S.  Department  of  State  are  also  included  in  the 
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Board  structure,  as  well  as  technical  advisors  represen¬ 
ting  the  I'.S  National  Aeronautics  and  Space  Ad- 
minislralion  and  the  Energy  Research  and  Develop¬ 
ment  Administration. 

I  he  Division  Engineer.  North  Central  Division, 
Corps  ol  Engineers,  serves  as  Chairman  ol  the  Winter 
Nav  igation  Board:  the  Coast  Citiard  Commandant,  dth 
Coast  Guard  District,  is  vice-chairman 

A  Working  Committee,  similarly  constituted  as 
the  Board,  directs  seven  Work  Groups  vvhichcarr  out 
the  program  aclivitiei  approved  by  the  Board  The 
Woikmg  Committee  provides  continuous  coo:  ima-- 
lion  ol  program  activities  and  develops  and  coor¬ 
dinates  plans,  programs,  hudgets.  schedules,  work 
descriptions,  and  reports  for  consideration  by  the 
Boaid  I  he  District  Engineer.  Detroit  District.  Corps 
ol  Engineers,  serves  as  Chairman  of  the  Working  Com¬ 
mittee. 

I  he  investigation  and  demonstration  activities 
vveie  divided  among  the  seven  program  elements 
(Work  Groups)  with  a  Ecdcral  agenev  designated  as 
lead  agenev  lor  each.  Each  work  group  is  listed  with  a 
briel  statement  ol  its  obicctivc 

Ice  Inlormalion  (National  Oceanic  and  At¬ 
mospheric  Administration):  Activities  involved 
documenting  ice-cover  formation,  movement, 
and  decay:  collection  of  operational  data  on  ice 
and  weather  conditions,  and  the  development 
ol  short-  and  long-range  forecasts  of  ice  con¬ 
ditions. 

ice  Navigation  (U.S  Coast  Guard).  To  provide 
safe  and  efficient  movement  of  vessels  through 
ice-covered  waters 

Ice  Engineering  ( U  S  Army  Corps  of  Engineers). 
I  o  assess  and  advance  the  state-of-the-art  in  ice 


mechanics  and  engineering  as  required  for 
winter  navigation  on  the  Great  laikes-St. 
I.awrcncc  Seaway  System,  to  develop  adequate 
instrumentation  and  measurement  techniques, 
and  to  develop  design  criteria  for  structures  to 
withstand  ice  forces. 

lee  Control  (St.  lavvrcnce  Seaway  Development 
Corporation):  To  demonstrate  the  feasibility  ol 
winter  navigation  on  the  St.  Lawrence  River. 

Ice  Management  in  Channels.  I  ocksand  Harbors 
(I  .S  Army  Corps  of  Engineers).  To  develop 
and  implement  techniques,  operating 
pioceduies.  and  ice  control  dev  ices  lor  ellectivc 
and  cllicicnt  vessel  operation  during  the  winter 
navigation  season 

Economic  Evaluation  (L  S  Army  Corps  ol 
Engineers),  io  define  items  having  economic 
leasibilitv  lor  winter  navigation  on  the  Great 
Lakes  and  St  Lawrence  Seaway. 

I  nvnonmcntal  Evaluation  (Environmental 
Protection  Agenev).  Evaluation  ol  en¬ 
vironmental  elfects  of  specific  demonstration 
protects  that  involved  physical  contact  or  in¬ 
teraction  with  the  environment  Provide  super¬ 
vision  and  guidance  on  the  data  needs,  methods 
ol  evaluation,  and  preparation  ol  the  en¬ 
vironmental  assessments 

Each  lead  agency  was  responsible  for  carrying  out  its 
element  ol  the  program  utilizing  its  own  manpower, 
but  with  support  fromotherGovcrnmentagenciesand 
outside  contracts,  as  necessary 

I  he  organization  also  included  a  Human  Factors 
Subgroup  within  the  Ice  Navigation  Work  Group,  and 
icpiesentatives  ol  the  eight  Great  Lakes  states  and  the 
Sierra  Club  within  the  Environmental  Evaluation 
W'ork  (iroup 


A  State  Observer*  Group  represents  individual 
states  and  provides  liaison  between  the  eight  bordering 
Great  l.akes  states  and  the  Working  Committee.  The 
observers  report  back  to  their  states  ontheactivitiesot' 
the  Demonstration  Program  and  also  report  their 
stale’s  interests  to  the  Working  Committee. 

A  Public  Involvement  Subcommittee  of  the 
Working  Committee  is  composed  of  members  of  the 
various  concerned  government  agencies,  and  was 
lormed  to  keep  the  public  advised  of  Demonstration 
Program  activities.  Contact  with  news  media,  the 
publishing  ol  information  bulletins,  and  the  conduc¬ 
ting  ol  seminars  are  among  the  activities  of  the  sub¬ 
committee. 

\  1  egal  Committee  consists  of  representatives 
Irom  the  Corps  of  Engineers.  St.  Lawrence  Seuway 
Development  Corporation.  Power  Authority  ol  the 
State  ol  New  York,  and  the  Toledo-1. ucas  County  Port 
Authority.  The  purpose  of  this  Committee  is  to  iden¬ 
tity  the  legal  questions  and  responsibilities  related  to 
an  extension  of  navigation  season  into  the  winter 
months. 

I  he  program  elements  of  the  work  groups  lull  into 
ivvo  primary  areas:  The  Ice  Inlormation.  Ice  Naviga¬ 
tion.  Ice  Engineering.  Ice  Control  and  Ice  Manage¬ 
ment  work  groups  comprise  the  action  program  deal¬ 
ing  with  the  demonstration  ol  the  extended  season's 
practicability  within  their  designated  areas  ol  respon¬ 
sibility.  I  he  Economic  Evaluation  and  Environmental 
Evaluation  Work  (iroupsare  responsible  lor  analy  /mg 
the  environmental  effects  and  economic  costs  ol 
specific  demonstration  activities 

I  he  Denumsinnion  Program  Final  Rqiori 

I  his  report  is  divided  into  live  main  sections  as 
lollows: 

1)  The  Winter  Navigation  Board  Summary 
Report  which  contains  a  broad  overview  ol  the  entire 
Demonstration  Program. 

2)  Part  I.  a  general  review  of  the  background  of 
i he  program  and  the  organisation  of  the  Demonstra¬ 
tion  Program  el  fort 

.')  Part  II:  a  description  of  the  problems  laced  in 
.in  extended  navigation  season. 

4 1  Part  III:  a  discussion  of  the  activities  under¬ 
taken  during  the  Demonstration  Program  together 
with  the  corresponding  results. 

5)  Part  IV.  an  overview  of  the  conclusion  that  can 
be  drawn  Irc.m  the  Demonstration  Program  activities. 


Other  reports 


The  activities,  findings  and  conclusions  during  the 
lirst  live  years  of  the  Demonstration  Program,  as  in¬ 
dicated  previously,  have  been  described  in  fourannual 
reports  and  a  Demonstration  Program  Report 
prepared  at  the  end  of  FY  76.  Other  reports  dealing 
with  key  controversial  issues  have  been  prepared  in¬ 
cluding  the  iollowing. 

A  report.  "Legal  Considerations  Associated  with 
an  Extension  ol  the  Navigation  Season  on  the  Great 
I  akes  and  St.  I  awrencc  Seaway."  was  prepared  by  the 
Legal  Committee.  The  Legal  Committee  wus  establish¬ 
ed  to  consider  the  problems  that  muy  result  from  ac- 
tiv  it ics  conducted  by  the  Winter  Navigation  Boardand 
interested  lederal  agencies  to  extend  the  navigation 
season.  I  he  ureas  of  potential  impact  which  were  con¬ 
sidered  included  damage  incidental  to  navigation  such 
as  damage  to  locks,  harbor  facilities,  and  vessels  Other 
tvpes  ol  damage  primarily  ice  related,  included  ice 
scouring  ol  the  shoreline,  damage  to  shoreline  struc¬ 
tures.  ice  clogging  ol  water  intakesand  sewage  outlalls. 
and  reduction  of  Hows  at  powerhouses  due  to  ice  iams. 
While  these  types  of  damages  mav  occur  naturally  it  is 
lelt  by  some  that  they  may  occur  with  greater  Irequcn- 
ev  and  potentially  greater  severity  during  an  extended 
season  with  its  associated  ship  movement  in  ice.  The 
I  egal  Committee  also  advised  the  Winter  Navigation 
Boaid  as  to  tile  rights  and  liabilities  ol  the  I  nued 
Males  with  respect  loan  extended  navigation  season. 
I  he  conclusions  reached  by  the  Legal  Committee  have 
been  meoiporatcd  into  the  Survey  Study. 

A  three-volume  report.  "Environmental 
Assessment1 2 * * 5  IY  79  Winter  Navigation  Demonstra¬ 
tion  on  the  St.  1  awrencc  River."  lunded  under  the 
Demoitstiation  Program,  was  prepared  hy  the  New 
\oik  Slate  Department  ol  Environmental  Conserva¬ 
tion  in  cooperation  with  the  State  University  ol  New 
Aork  College.  New  York  College  ol  Environmental 
Science  and  Forestrv  This  environmental  asscssmtnt 
suggested  possible  adverse  environmental  impacts  ol 
the  proposed  FY  79  Demonstration  Program  to  the  St. 
I  awrencc  River,  and  its  terrestrial  riverine  ecosystems 
in  relation  to  phvsical.  biological  and  cultural 
resources  It  was  the  explicit  basis  of  the  Commissioner 
ol  the  New  York  Department  o',  Environmental  Con¬ 
servation  in  concluding  the  risks  of  a  Demonstration 
'  Program  were  too  great  without  extensive  and  system- 
wide  environmental  studies  being  accomplished 
belorehand. 


33 


Icebreaker  rum  interference. 


II.  OBSTACLES 


This  section  contains  a  brief  overview  of  the 
problems  encountered  with  the  extension  of  the 
navigation  season  on  the  Great  Lakes-Sl.  Lawrence 
Seaway.  It  is  followed  by  a  section  discussing  the  ac¬ 
tivities  undertaken  to  show  these  problems  can  he 
engineering^  overcome.  Also  in  that  section  is  a  dis¬ 
cussion  of  the  results  of  those  activities. 


Nature  and  ice 


General  climate  i  inulllions 

The  Circat  Lukes  lie  between  latitude  4  l°2l’N'  and 
49°0<)'  N  and  longitude  76°04'  W  and  92o06'  W.at  the 
confluence  ol  inuior  storm  tracks  that  cross  the  North 
American  continent  Because  ol  the  immense  si/c  ol 
the  Basin,  a  wide  variety  of  weather  conditions  canex- 
ist  at  the  >ame  time. 

The  water  volume  (5, 500  cubic  miles)  and  surluce 
area  (95.000  sq.  miles)  of  the  Great  Lakes  act  both  to 
influence  temperatures  and  function  as  a  reservoir  lor 
the  storage  and  exchange  of  heat  energy  with  the  at¬ 
mosphere 

Average  annual  temperatures  range  Irom  59  0°  F 
on  Lake  Superior  to  48.7°  F  on  Lake  Erie,  with 
minimum  monthly  temperatures  generally  occurring 
in  lamiarv  and  February 


Precipitation  in  the  form  of  rain.  snow,  and  con¬ 
densation  is  the  source  of  water  for  the  Great  Lakes. 
I  he  mean  annual  precipitation  ( 1900  -  1978)  for  Lake 
Superior.  Lake  Michigan.  Lake  Huron.  Lake  Erie.and 
I  ake  Ontario  basins  are  29.7. 3 1 .4.  3 1 .4. 34.0.  and  34.6 
inches,  icspcctively.  The  number  of  days  having 
measurable  precipitation  ranges  from  an  average  ol 
1 69  day s  east  ol  Lake  Ontario  and  155  days  along  the 
southern  shore  ol  Lake  Superior  to  119  days  at  the 
southern  end  ol  Lake  Michigan. 

If  iniei  climate 

The  range  of  winter  temperatures  across  the  Great 
Lakes  Basin  can  be  seen  by  comparing  the  January 
monthly  mean  temperatures  at  Cleveland  and 
Duluth:  lor  the  lormer..  on  the  south  shore  of  Lake 
F.rte.  27.5s  F  and  at  Duluth  g-S^F.  a  dilference  of  more 
than  18°  F.  These  w  ide  differences  in  temperature  also 
account  lor  variations  both  in  seventy  and  in  the  length 
ol  the  winter  season  which,  in  turn,  determines  the  ex¬ 
tent  ol  i  he  ice  cover  on  the  Lukes. 

I  he  moderating  effect  of  the  Lakes  on  the 
temperature  regime  is  pronounced  during  the  winter, 
vv  heii  mean  lake  temperatures  may  be  as  much  as  30°  F 
warmer  than  mean  air  temperatures.  This  dilferential 
results  in  high  rates  of  evaporation  which,  when 
carried  over  land,  creates  heavy  snowfall  downwind  of 
each  ol  the  Lakes.  This  effect  is  reduced,  of  course, 
when  lake  shores  have  become  ice  covered 

Seasonal  snowlall  in  the  region  varies  greatly 
Irom  year  to  year,  with  annual  snowfalls  of  less  than 
20  inches  to  'he  south  of  the  lower  Lakes,  while  annual 
snowfalls  exceed  140  inches  east  and  south  of  Lake 
Superior  and  east  ol  Lake  Ontario.  Elevated  areas  east 
ol  Lake  Erie  can  experience  more  than  100  inchesdur- 
ing  a  noi  mal  winter.  The  St  Lawrence  River  area  has 
an  average  snowfall  of  80  inches. 
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The  Leon  Simard  at  Thunder  Bay  oil  dock. 


Generalized  ice  conditions  found  in  the  Great 
Lakes- Sea  wav  Svstem 

A  simple  sequence  of  ice  formation  rarely  occurs 
on  the  Lakes  because  of  the  variable  weather  con¬ 
ditions  that  prevail  during  the  winter  months.  Ex¬ 
tremely  low  air  temperatures  may  occur  for  a  number 
of  days  allowing  an  extensive,  but  thin,  ice  cover  to 
form  The  cold  spell  may  be  followed  by  warm  weather 
and  strong  winds,  and  consequently  the  thin  ice  cover 
is  broken  up  and  concentrated  on  a  lee  shore  or  melted 
in  the  lake  by  upwelling  warm  water.  The  effects  of 
winds,  currents,  and  upwelling  upon  the  ice  cover 
causes  its  areal  extent  and  distribution  tochange  rapid¬ 
ly  Large  lake-surface  areas  also  influence  the  ice  cover 
by  causing  it  to  react  to  waterlevel  fluctuations  Water 
level  changes  tend  to  keep  the  ice  in  a  fluid  state  and 
muke  it  more  susceptible  to  wind  and  current  action.  It 
can  be  seenthat  ice  cover  on  thcGreat  Lakes  is  affected 
by  many  hydro-meterological  factors,  but  each  lake 
has  its  own  characteristics  that  affect  ice  formation  and 
distribution. 

Many  physical  and  environmental  problem  areas 
associated  with  winter  navigation  on  the  Great  Lakes- 
St  Lawrence  Seaway  System  involve  four  principal 
water  navigation  areas:  (I)  navigation  channels,  both 
interlake  and  on  the  St.  Lawrence  River.  (2)  harbors. 
(3)  locks,  and  (4)  open  lake  courses  They  are  affected 
by  a  wide  variety  of  icing  conditions.  Ice  in  the  connec¬ 
ting  channels  and  river  channels  severely  limits  vessel 
movements,  especially  at  channel  bends  in  constricted 
areas  and  where  ice  booms  have  been  installed. 


Moving  through  the  ice 


Ice  cover  in  lakes  and  harbors 

To  move  ships  through  the  solid  ice  cover  intakes 
and  harbors  requires  icebreaking  assistance.  The 
development  of  a  means  of  retarding  or  suppressing  ice 
lormation  would  also  ease  the  movement  of  ships.  To 
some  extent,  shifting  ice  cover  and  wind-blown  ice  oc¬ 
cur  on  all  the  Lakes  Drifting  ice  forms  into  large  ice 
fields  that  shift  with  winds  and  currents.  Icebreaker 


assistance  is  often  required  to  maintain  vessel  tracks 
through  this  ice.  primarily  on  Lakes  Superior.. 
Michigan  and  Huron,  and  at  Lake  Ontario's  eastern 
end 

Lake  Erie,  the  shallowest  of  the  Lakes.  may  freeze 
over  completely,  and  wind  conditions  can  often  shift 
ice  over  the  vessel  tracks  Large  ice  fields  on  the  open 
Lakes  are  capable  of  trapping  vessels  and  physically 
carrying  them  out  of  shipping  lanes,  possibly  even  run¬ 
ning  them  aground. 


Mackinac  and  the  extreme  eastern  end  of  Lake  Erie. 

Ice  floes  and  fields  may  be  pushed  by  winds  into 
harbor  areas,  occasionally  halting  vessel  movement 
within  harbors  or  through  the  entrances.  Shifting  or 
lessening  wind  intensity  normally  allows  the  floes  or 
fields  to  drift  back  into  the  lake. 

Ice  conditions  in  the  rivers 

Where  stable  ice  is  disturbed  by  vessel  movement 
or  by  winds  and  thaw  conditions,  the  loose  ice  can 
move  downstream  and  jam  in  constricted  areas.  Ice 
jams  cause  upstream  levels  to  rise,  and  provide  a  flood 
threat  to  low  lying  areas.  This  happens  frequently  in 
the  St.  Marys.  St.  Clair,  Detroit  and  St.  Lawrence 
Rivers  under  natural  conditions,  regardless  of  ship 
movement. 

Ice  jams  can  also  retard  the  normal  flow  of  water, 
reducing  the  amount  available  for  downstream  power 
production,  and  can  hamper  ferry  operations,  incrt.tv: 
shore  erosion  and  structural  damage. 

Because  the  lengths  of  many  vessels  range  between 
600  and  1 .000  feet,  ice  cover  in  the  vicinity  of  tight  turns 
or  narrow  channels  tends  to  reduce  the  turning  and 
maneuvering  capabilities  of  the  vessels.  As  a  result. 
Coast  Guard  icebreakers  are  frequently  required  to 
work  alongside  a  vessel  to  reduce  friction  resistance  or 
to  widen  a  turning  area. 

Power  entities  install  ice  booms  to  help  establish 
and  maintain  stable  ice  covers,  reduce  the  potential  for 
ice  jams  and  insure  a  steady  current  flow  through  in¬ 
take  gates.  Ice  booms  are  traditionally  placed  in  the 
Niagara  and  St.  Lawrence  Rivers  each  winter.  In  the 
International  portion  of  the  St.  Lawrence  River,  two 
booms  extend  across  the  navigation  channel  and  re¬ 
main  there  until  just  before  spring  navigation  in  late 
March. 

Other  ice  conditions 


In  the  shallower  bays  and  straits  of  the  more 
northern  Lakes,  where  drifting  ice  is  also  prominent, 
high  winds  may  pile  ice  into  windrows  and  pressure 
ridges  10  to  20  feet  above  the  water  and  30  to  35  feet 
below,  often  anchored  to  the  lake  bottom.  Windrows 
create  difficulty  to  navigation  specifically  at  the  en- 
tra  ice  to  the  Duluth-Superior  Harbor  at  the  western 
eno  of  Lake  Superior,  Whitefish  Bay  and  the  upper  St. 
Marys  River  at  the  foot  of  Lake  Superior,  the  island 
areas  of  northern  Lake  Michigan,  the  Straits  of 


As  ice  deteriorates  and  is  broken  up  by  winds, 
waves  and  pressure,  it  forms  slush  ice.  one  of  the  most 
difficult  forms  of  ice  to  combat.  Slush  ice  can  close  in 
around  a  vessel,  preventing  movement  in  any  direc¬ 
tion.  It  can  damage  propellers  and  steering  gear,  clog 
condenser  intakes  and  exert  pressure  on  the  hulls  of 
trapped  vessels.  This  is  a  particular  problem  dunng 
spring  break-up  in  Lake  Erie,  because  the  current  and 
prevailing  winds  pack  the  slush  ice  into  a  shallow 
bottleneck  in  the  eastern  end  of  the  Lake. 
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Traffic  control 


1  raffic  control  on  the  St.  Lawrence  River  from 
Montreal  through  Lake  Ontario  and  the  Welland 
Canal  to  Lake  Erie  is  accomplished  using  a  joint 
system  managed  by  the  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation  and  the  St.  Lawrence  Seaway 
Authority  of  Canada.  The  system,  which  is  premised 
on  making  the  most  efficient  use  of  the  Seaway  locks,  is 
a  finite  traffic  control  system  which  requires  vessels  to 
make  radio  calls  establishing  their  positions  at  regular 
intervals.  Vessels  are  tracked  on  an  incremental  basis, 
with  the  position  of  each  vessel  recorded  as  it  passes 
designated  calling-in-points  The  calling-in-points  are 
located  approximately  one  hour's  sailing  apart,  under 
normal  conditions  and  gives  control  operators  com¬ 
plete  information  for  any  needed  control  of  traffic 
flows  and  patterns.  Additionally,  this  system  provides 
vessel  pilots  and  masters  with  a  total  scope  picture  of 
traffic,  thus  improving  the  safety  and  efficiency  of  tran¬ 
sits 

A  first-come,  first-served  policy  functions  at  the 
Soo  Locks,  with  downbound  and  upbound  vessels 
alternating  through  the  locks.  During  winter 
operations  at  the  Soo.  however,  the  lockage  of  large 
ore  carriers  can  result  in  lengthy  delays  to  other  ships. 
This  is  due.  among  other  things,  to  the  build-up  of  ice 
on  lock  walls  as  a  result  of  the  sire  of  the  vessels, 

This  problem  has  given  rise  to  consideration  of  a 
lockage  policy  other  than  a  first-come,  first-served 
basis  in  order  to  more  efficiently  expedite  shipping. 
The  lockage  of  smaller  ships  (less  than  105  feet  wide) 
before  the  larger  vessels,  proyided  they  are  part  of  the 
same  convoy,  would  keep  shipping  moving  more 
rapidly  without  the  problem  of  the  ice  coating  of  lock 
walls  Other  considerations  that  remain  critical  to  such 
a  ludgement  include  the  horsepower  of  the  smaller 
ships,  locking  experience  with  wide  ships,  existing  ice 
conditions,  available  ice  tracks  and  an  ability  to  pass. 
The  basic  policy  of  first-come,  first-served  in  such  cases 
would  continue  except  where  delays  would  be  predic¬ 
table 


Winter  along  the  St.  Lawrence  Seaway. 


An  extended  navigation  season  will  require 
orecise  traffic  control  on  the  upper  lakes  to  assure  the 
safety  of  participating  vessels,  particularly  in  tne 
channel  areas. 

Navigation  in  narrow  channels  requires  extra  cau¬ 
tion  particularly  in  those  areas  similar  to  the  Middle 
Neebish  Channel  in  the  St.  Marys  River  and  the 
Livingston  Channel  in  the  lower  Detroit  River  These 
ureas  normally  handle  one-way  traffic,  but  for  an  ex¬ 
tended  season  they  are  required  to  handle  traffic  from 
both  directions.  New  traffic  regulations  and  a  vessel 
traffic  center  may  be  required  to  expedite  this  kind  of 
vessel  movement. 

Except  on  the  Montreal  to  Lake  Erie  portion  of 
the  System  there  is  currently  no  reliable  method  of 
determining  if  a  vessel  has  been  lost  or  damaged  (aside 
from  distress  signals)  until  the  vessel  is  overdue  at  its 
destination  or  until  it  has  failed  to  file  a  routine  report 
to  its  owner.  Since  the  crew  survival  time  is  dramatical¬ 
ly  reduced  during  winter  operations,  an  adequate 
vessel  reporting  system  must  be  developed  to  help  en¬ 
sure  vessel  and  crew  safety. 

To  make  a  more  efficient  use  of  the  Coast  Guard's 
icebreaking  fleet,  a  system  needs  to  be  developed  to 
monitor  proposed  ship  voyages  and.  where  possible, 
lorm  them  into  convoys. 

I  ewe/  \peei I  enforcement 

Speed  regulations  are  the  responsibility  of  the 
U  S.  Coast  Guard  and  the  St.  Lawrence  Seaway 
Development  Corporation.  These  regulations  are 
found  in  Title  33  Code  of  Federal  Regulations  (CFR) 
92,49  (St.  Marys  River).  33  CFR  462. 1 35 (Octroit-St. 
Clair  Rivers),  and  33  CFR  401.28  (St.  Lawrence 
River). 

Vessel  speeds  are  monitored  using  Doppler  radar 
or  by  measuring  the  time  a  vessel  travels  its  own 
length.  During  the  regular  navigation  season,  vessel 
speeds  are  checked  at  random  tunes  of  the  day  or  night. 
During  winter  navigation,  the  level  of  speed  monitor¬ 
ing  is  reduced  commensurate  with  vessel  traffic  levels. 
Civil  penalties  are  assessed  for  significant  violations. 


Excessive  speed  by  vessels  under  both  summer 
and  winter  conditions  can  increase  shoreline  erosion 
and  damage  to  property  A  program  is  underway  to 
monitor  vessel  speeds,  shoreline  erosionand  reports  of 
property  damage  during  winter  sailings,  to  determine  if 
speed  limits  need  adjusting. 


Staying  in  the  channels 


Navigational  requh  ements 

In  the  open  waters  and  the  larger  bays  of  the  Great 
Lakes,  a  ship's  navigator  requires  all-weather  aids  to 
navigation  to  determine  his  position  and  to  assist  him 
in  a  safe  transit. 

Traditionally,  in  Great  Lakes  harbors  and  con¬ 
necting  channels,  a't  lighted  buoys  and  radar  reflector- 
equipped  unlighted  buoys  are  withdrawn  during  late 
November  or  early  December  to  prevem  damage 
and  or  loss  of  the  aid  during  winter  months.  Some  of 
these  moie  sophisticated  aids  to  navigation  are  replac¬ 
ed  with  unlightcd  buoys  without  radar  rtllector  equip¬ 
ment.  Such  winter  markers  are  harely  adequate, 
representing  a  significant  reduction  in  overall  effec¬ 
tiveness. 

In  addition,  the  buoys  are  subject  to  submersion 
or  movement  ofl  station  by  ice.  Because  of  the  obvious¬ 
ly  questionable  reliability  of  floating  aids  used  to  mark 
channels  during  the  winter  navigation  season,  vessel 
personnel  are  often  uncertain  as  to  their  vessel’s  exact 
position  within  a  channel. 

Navigational  hn;arih 

Navigational  hazardsare  also  present  duringcoid 
and  stormy  weather  conditions  when  fog.  low  clouds, 
rain  or  blowing  snow  reduce  visibility  In  narrow  cot  - 
nectmg  channels,  ranges  and  similar  aids  are  difficult 
to  locale  and  radar,  as  now  employed,  is  not  sufficient¬ 
ly  accurate. 

Improved  form'  of  navigation  aids  will  be  re¬ 
quired  for  safe  and  efficient  movement  of  vessels  dur¬ 
ing  the  winter  season  The  establishment,  for  instance, 
of  l.oran-C  in  the  Great  Lakes  will  have  an  important 
influence  on  navigational  accuracy.  This  all-weather 
system  should  be  operational  by  1980.  enhancing  pre¬ 
sent  systems  of  coast  lights,  radio  beacons,  and  fog 
signals  More  precise  navigation  systems  are  required 
for  the  rivers  and  channels. 


Information  to  aid  navigation 


Weather  and  surface  conditions  found  on  the 
Great  Lakes  and  their  connecting  channels  differ 
markedly  from  those  encountered  during  the  bulk  of 
the  traditional  shipping  season.  Winter  storms 
historically  can  be  severe  on  the  Great  Lakes  (even 
though  some  of  the  most  severe  storms  are  in 
November  and  April).  The  harsh  weather  conditions 
during  winter  increase  the  difficulty  of  even  simple 
tasks. 

As  previously  discussed,  ice  cover  causes  varying 
problems  throughout  the  Great  Lakes-St.  Lawrence 
Seaway  System.  To  ease  the  impacts  of  these  factors  it 
is  necessary  to  develop  a  comprehensive  system  of  data 
collection  for  use  by  vessel  operators  and  to  provide  a 
basis  for  predicting  in  advance  adverse  conditions  so 
they  may  be  avoided  or  prepared  for.  Coupled  with 
this,  an  organization  is  needed  to  digest  the  data  and 
take  responsibility  for  getting  the  information  and 
forecast  to  shipping  personnel  who  require  it. 

The  National  Weather  Service  (NWS)  has  been 
disseminating  weather  forecasts  and  warnings  to  the 
Great  Lakes  shipping  industry  since  1870,  and  ice  in¬ 
formation  since  1897.  Extension  of  the  navigation 
season  to  12  months  has  required  an  increase  of  about 
30  percent  in  the  effort  expended  to  make  weather 
forecasts  and  an  increase  of  several  thousand  percent 
in  the  effort  devoted  to  ice  forecasting.  Most  of  the 
techniques  and  communication  channels  used  are 
logical  extensions  and  developments  from  those  long 
used  for  the  traditional  navigation  season.  Loss  of  the 
'dosed  season"  has  removed  the  traditional  wintertime 
respire  which  was  used  to  review,  reconsider,  adjust, 
repair,  and  recoup.  Needed  changes  can  no  longer  be 
delayed  until  the  end  of  the  season,  and  are  more  likely 
to  cause  a  noticeable  interruption  in  the  services. 


Problems  of  winter  navigation 


Potential  wssel  damage 

Some  of  the  vessels  currently  operating  in  ice  con- 
dmons  have  not  been  specifics  lly  designed  for  that  pur¬ 
pose  Therefore,  the  potential  for  vessel  casualties  due 
lo  ice  exists  and  is  likely  to  increase  as  traffic  increases. 
Regulations  for  the  strengthening  of  hulls,  reduction 
gears,  rudder  stocks  and  propellers  may  be  required  in 
the  future  At  present,  several  high-powered  vessels 
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which  routinely  operate  m  ice  ^  J 
ed  season  have  received  some  hull  strengthening 

Refuge  area  access  difficulties 

In  sudden  storm  conditions,  heavy  .« fields  have 
been  identified  as  potential  obstructions  ■  d 
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d"  themselves  become  something  of  a  refuge 
area. 
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Adverse  search  and  rescue  conditions 

In  open  water  areas,  winter  storm  conditions  can 
create  both  limited  visibility  and  heayy  seas,  hamper¬ 
ing  rescue  operations.  TheCoast  Guard  has  had  world¬ 
wide  experience  in  search  and  rescue  operations  en¬ 
compassing  all  types  of  weather  and  is  well  equiped  to 
meet  most  navigation  responses. 

Hazards  to  lock  and  dock  personnel 

The  extended  navigation  season  creates  problems 
for  people  working  outside,  especially  at  locks  and  on 
harbor  docks,  where  extreme  weather  conditions  can 
cause  frostbite  or  hypothermia.  Appropriate  clothing 
and  safety  gear  are  obviously  required. 

Ice  buildup  on  the  sides  of  vessels  moving  along 
piers  will  sometimes  shear  off  and  shatter  over  work 
and  walk  areas  causing  potential  personnel  hazards.  In 
addition,  wind-blown  snow  frequently  overhangs  pier 
edges,  obscuring  them  and  causing  a  hazard  for  those 
who  have  occasion  to  walk  to  that  edge.  Ice  on  piers 
and  heavy  winds  also  cause  problems  with  solid 
footing. 

Hazards  at  locks  are  apparent  in  the  removing  of 
ice  collars.  Steam  is  used  when  it  is  available.  Other 
more  common  methods  include  use  of  a  back  hoe, 
chipjtitig  with  a  bucket  or  modified  ripper,  or  with  a 
tractof-opirattjd  ice  cutting  chain  saw.  All  of  these 
methods  of  ice  collar  removal  present  hazards.  ■ 

At  times  it  is  difficult  and  time  consuming  to  close 
lock  gates  during  winter  navigation.  This  fact  createsa 
potential  problem  should  an  injured  person  have  to  be 
brought  across  the  lock  to  receive  treatment 

Hazards  w  vessel  crews  • 

Vessel  crews  encounter  many  of  the  same  hazards 
as  those  experienced  by  lock  and  dock  personnel.  Ice 
and  snow  can  create  dangerous  footing  situations  on 
deck  surfaces.  Also  wind  and  cold  conditions  may  re¬ 
quire  special  clothing  for  crew  comfort  and  protection. 

Additional  hazards  to  vessel  crews  are  en¬ 
countered  in  cases  of  man  overboard  or  an  abandon 
ship  situation.  In  such  instances,  the  survival  of  per¬ 
sonnel  during  immersion  in  water  is  dependent  not 
only  upon  the  victim  overcoming  the  immediate 
danger  of  drowning,  but  upon  individual  reactions  to 
stress  associated  with  heat  loss  and  thermofailure 

Immersion  in  water  rapidly  increases  the  victim's 
heat  loss  due  to  the  decrease  in  the  thermal  insulation 


Crete  works  in  winter  dress. 


Coast  Guardsmen  . set  up  lights  to  permit  icebreaker 
to  work  at  night. 


of  his  clothing.  While  common  personal  floatation 
devices  and  life  rings  enable  a  survivor  to  remain 
afloat,  they  are  of  no  use  in  providing  thermal  protec¬ 
tion  or  protection  from  wave  action  and  spray. 

Life  boats  and  rafts  arc  more  effective  in  these 
situations  because  they  remove  the  victim  from  the 
water  and  its  effects  However,  life  boats  have 
problems  associated  with  both  launching  and  boar¬ 
ding  in  rough  seas,  and  they  lack  adequate 
maneuverability.  They  also  fail  to  provide  adequate 
protection  from  wave  spray 
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Navigational  aids  Itaic  been  pulled  jor  the  winter 
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Mackinaw  works  around  the  clock  to  free  lake  car¬ 
riers. 

Additionally,  the  cooling  of  a  Victim's  extremettes 
may  impair  his  manual  dexterity,  making  it  difficult  to 
grasp  a  life  ring  or  .'thrown  line  Stress  due  to  cold  may 
also  cause  coronary  occlusions  or  similar  fatalities 

Because  research  indicates  that  seamen  who  fall 
overboard  ir.  winter  and  spend  any  time  at  all  in  the 
water  are  seldom  recovered  alive,  a  system  to  detect 
these  accidents  as  they  occur  as  well  as  adequate 
locating  and  recovery  techniques  are  critical  to  the 
winter  navigation  effort 

Better  designed  life  craft  are  also  needed  in  cases 


where  vessel  personnel  will  have  time  to  abandon  ship 
using  the  life  craft.  Crews  should  also  be  provided  rou¬ 
tinely  with  equipment  or  clothing  that  provides  ade¬ 
quate  floatation  and  thermal  protection. 

Vessel  master/ pilot  training  assessment 

Asa  result  of  ice  conditions,  navigation  poses  dif¬ 
ficulties  both  for  vessel  masters  and  pilots.  Some 
masters  and  pilots  have  not  had  a  great  deal  of  ex¬ 
perience  operating  under  ice  conditions.  This  requires 
a  certain  amount  of  training  and  experience. 

Removal  of  wrecked  or  stranded  vessels 

Owners  ofa  stranded  vessel  generally  take  prompt 
action  to  f  ree  it  because  of  the  value  of  the  vessel  and  its 
cargo.  Most  stranded  vessels  are  expeditiously  remov¬ 
ed  by  owners  with  the  assistance  of  commercial  tugs  or 
lighters.  If  a  stranded  vessel  is  an  obstruction  to 
nav  igution.  the  owners  are  required  by  law  to  clear  the 
channel  as  quickly  us  possible. 

I  luring  the  winter  months  such  a  situation  is  com¬ 
pounded  considerably,  due  to  the  general  inability  to 
control  a  vessel  in  heavy  ice  conditions,  particularly  in 
turns  between  courses  and  in  areas  where  ice  tends  to 
windrow.  Other  problems  occur  in  open  lake  situations 
w  here  large  ice  fields  can  trap  a  vessel  and  the  ice  drifts 
with  the  wind  and  current,  forcing  the  vessel  aground. 

These  situations  arc  difficult  to  anticipate  and 
predict.  Each  casualty  is  unique.  What  may  appear  to 
be  a  relatively  simple  grounding  might  result  in  holir  t 
and  the  subsequent  flooding  of  vessel  compartmr.  s 
When  lightering  is  required,  further  problems  are 
created  in  getting  a  second  vessel  or  a  lighter alon  e*.  dt, 
the  crippled  vessel  to  accept  part  of  the  cargo. 

In  the  extreme  case  of  a  vessel  sinking  in  a 
navigational  channel  during  the  winter  montr.-.  tin 
remedy  to  the  problem  becomes  much  more  tm  r  con¬ 
suming  and  costlv  Oil  pollution  could  also  delay 
salvage  operations  (U  S.  Coast  Guard  is  rest),  nsible 
lor  cleaning  up  spills). 

Should  a  serious  accident  occur  in  certai,;  i  rilical 
areas  of  the  channel,  it  might  be  necessary  to  si  spend 
navigation  through  the  area  until  the  obstruction  can 
be  cleared. 
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Marys  River  at  Sault  Ste.  Marie.  Michigan,  and (2)  on 
the  St.  Lawrence  River  above  Massena,  New  York. 

Necessary  flow  changes  are  determined  and 
carried  out  by  the  International  Lake  Superior  Board 
of  Control  and  International  St.  Lawrence  Board  of 
Control  based  on  studies  authorized  by  the  Inter¬ 
national  Joint  Commission. 

St.  Marys  River 

Flow  through  the  St.  Marys  River  is  completely 
controlled  in  the  mile-long  reach  between  the  cities  of 
Sault  Ste.  Marie,  Michigan,  and  Sault  Ste.  Marie,  On¬ 
tario.  This  area  originally  was  a  series  of  rapids  which 
held  Lake  Superior  at  an  elevation  about  2 1  feet  higher 
than  Soo  Harbor.  A  series  of  four  U.S.  locks,  two  U.S. 
power  plants,  one  Canadian  lock  and  one  Canadian 
power  plant  utilize  an  average  flow  of  about  SS.OOO 
cubic  feet  per  second.  Any  excess  flow  is  discharged 
through  a  16  gate  control  structure  located  just  up¬ 
stream  of  the  remaining  rapids.  Under  low  flow  con¬ 
ditions  a  minimum  of  'A  gate  must  remain  open  to 
provide  flows  through  the  rapids  area  for  environmen¬ 
tal  reasons. 

The  amount  of  flow  to  be  allowed  is  determined 
monthly  by  the  International  Lake  Superior  Board  of 
Control.  The  Board  directly  supervises  the  operation 
of  the  river  control  works  and  diversion  of  flows  to 
power  plants. 

Winter  outflows  through  control  structures  are 
kept  within  a  range  of  55.000  to  85,000  cubic  feet  per 
second.  Experience  has  shown  that  winter  flows  in  ex¬ 
cess  of  85.000  cubic  feet  per  second  can  result  in  the 
breakup  of  the  stable  ice  cover  formed  in  the  Soo  Har¬ 
bor  above  the  Little  Rapids  Cut.  At  times  this  loose  ice 
accumulates  and  layers  in  the  Cut  to  create  ice  jams 
which  hamper  Sugar  Island  ferry  operations  and 
winter  navigation,  and  cause  water  levels  to  rise  up¬ 
stream  in  Soo  Harbor.  In  addition  to  possible 
flooding,  the  rising  levels  downstream  of  the  power 
plants  lower  the  head  for  hydro-electric  plants,  thus 
affecting  power  production. 

St.  Clair- Lake  Si.  Clair- Detroit  River  system 

Except  for  some  drifting  ice  from  Lake  Huron  and 
•shore  ice  formation,  there  is  little  freezing  of  the  St. 
Clair  River.  At  the  head  of  the  river  near  Port  Huron. 
M  ichigan.  a  natural  ice  bridge  forms  a  relatively  stable 
ice  cover  and  prevents  large  amounts  of  ice  from  enter¬ 
ing  the  river.  When  this  bridge  breaks  up  (either  from 
natural  wind  and  thaw  conditions  or  ship  traffic), 
significant  amounts  of  ice  can  enter  the  system. 


This  ice  can  build  up  at  the  mouth  of  the  river 
where  it  enters  Lake  St.  Clair,  in  the  vicinity  of  Russell 
and  Harsens  Islands,  often  jamming  the  channel  and 
creating  a  potential  for  flooding.  Heavy  ice  jams  in  this 
location  also  create  problems  for  the  movement  of 
vessel  traffic  and  increase  the  possibility  of  damage 
both  to  the  shore  and  to  shore  structures. 

Thiee  thermal  power  generating  plants  are 
located  on  the  St.  Clair  River,  using  river  water  for 
cooling  purposes.  No  evidence  exists  that  thermal  dis¬ 
charges  from  these  plants  have  had  adverse-to- 
navigation  effects  on  ice  formation  in  the  St.  Clair 
River.  It  has  been  shown,  however,  that  as  man-made 
channels  are  built  and  deepened,  a  larger  volume  of 
water  flows  at  a  faster  rate  through  the  river.  This 
decreases  ice  buildup  and  lets  drift  ice  flow  through  the 


system  with  less  obstructions,  thus  diminishing  flow 
retardation.  This  flow  retardation  has  steadily 
diminished  since  1920  mainly  as  a  result  of  man-made 
channel  activities. 

Continued  navigation  through  the  ice  bridge  area 
at  Port  Huron  may  increase  ice  floes  entering  the  river 
which  would  interfere  with  water  intakes.  In  addition, 
winter  navigation  extension  may  create  increased 
shore  and  dock  damage  to  the  eastern  shore  of  Harsens 
Island. 

A  similar  problem  exists  in  the  Detroit  River  with 
the  periodic  eroding  of  the  ice  bridge  that  forms  >n 
Lake  St.  Clair.  Generally,  ice  floes  can  pass  through 
the  Detroit  River  into  l  ake  Erie  unless  easterly  winds 
jam  Lake  Erie  ice  into  thelower  river.  Floe  ice  can  back 
up  into  the  Detroit  River  to  hamper  navigation  as  far 
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upstream  as  Detroit.  There  is  concern  that  winter 
navigation  may  cause  increased  quantities  of  ice  floes 
to  enter  the  river. 

Niagara  River 

At  present,  no  commercial  navigation  is  an¬ 
ticipated  for  the  Niagara  River  during  the  ice  season. 
Ice  presents  problems,  however,  to  power  production 
on  the  river. 

Since  the  construction  of  two  hydro-electric 
power  plants  by  Ontario  Hydro  and  the  Power 
Authority  of  the  State  of  New  York  (PASNY)  com¬ 
pleted  in  1956  and  1961  respectively,  the  flow  over 
Niagara  Falls  has  been  partially  controlled  by  a  2.120- 
foot.  gated  structure  constructed  downstream  of  the 
intakes.  By  international  treaty,  a  minimum  of  100,000 
cfs  is  required  to  flow  over  the  Falls  during  the  daylight 
hours  of  the  tourist  season  and  50,000  cfs  at  other 
times. 

Historically,  ice  has  been  a  problem  in  the  Niagara 
River.  The  Lake  Erie  .'ce  field,  near  the  entrance  to  the 
river,  usually  arches  between  the  Canadian  and  the  Un¬ 
ited  States  shores  and  restricts  movement  of  lake  ice 
into  the  river.  When  the  iceis  I  orming,  or  when  the  lake 
is  under  adverse  conditions  of  wind  and  temperature, 
the  arch  and  the  ice  behind  it  may  break  and  cause  ice 
to  jam  in  the  river  above  the  Falls.  Thejams  can  greatly 
restrict  the  flow  necessary  for  power  production  and 
also  cause  extensive  shoreline  damage. 

To  combat  this  problem,  the  two  power  entities 
have  installed  an  ice  boom  at  the  outlet  of  Lake  Erie 
every  winter  since  the  winter  of  1964-65.  The  boom 
appears  to  be  effective  and  has  significantly  reduced 
both  shore  property  damage  and  losses  to  power 
production. 

Buffalo  Harbor.  New  York,  comprised  of  some 
4.5  miles  of  lakeshore  protected  by  breakwaters,  along 
with  sections  of  the  Buffalo  River,  the  Niagara  River, 
and  several  short  ship  canals,  is  normally  closed  to 
navigation  three  to  four  months  each  whiter. 

Because  of  the  prevail. .ig  southwesterly  winds, 
and  the  fact  that  the  capacity  of  the  Niagara  River  to 
transport  ice  is  so  small  in  relation  to  the  amount  of  ice 
usually  pruent.  wmdrowed  ice  has  traditionally  con¬ 
centrated  at  tre  eastern  end  of  Lake  Erieduringspring 
breakup  in  bou'  the  pre-boom  and  post-boom  years. 
The  windrowed  ice.  often  several  feet  thick,  usually  ex¬ 
tends  past  Buffalo  Harbor  and  into  thelakeforseveral 
miles  Unescorted  shi.  oassage  through  these  jams  is 
not  possible.  Occasional!-',  --ven  icebreakers  have  dif¬ 
ficulty  in  moving  througi:  t!  s  irea. 


Winter  activity  at  a  St.  Lawrence  River  lock. 


Si.  Law  rente  River 

The  flows  in  the  St.  Lawrence  Riverare  controlled 
in  t  hree  areas.  The  first  area  of  control  is  located  at  the 
Iroquois  Dam  and  Lock,  which  extends  1.980  feet 
between  Point  Rockway.  New  York,  and  Iroquois. 
Ontario.  The  dam  was  designed  with  the  capability  to 
pass  or  control,  if  necessary,  the  full  discharge  from 
I  ake  Ontario.  Its  gates  are  used  to  prevent  excessive 
buildup  of  water  levels  in  Lake  St.  Lawrence  during 
periods  of  strong  westerly  winds,  to  minimize  adverse 
currents  in  the  navigation  channel  of  the  lower  ap¬ 
proach  to  the  Iroquois  Lock,  and  to  assist  in 
promoting  a  stable  ice  cover  during  periods  of  ice  for¬ 
mation. 

The  second  set  of  control  structures  is  the  Moses- 
Saunders  Power  Dam  and  the  Long  Sault  Dam 
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located  in  the  Massena,  New  York-Comwall.  Ontario 
area,  and  are  used  to  r'uulate  the  outflow  from  Lake 
Ontario. 

The  Long  Sault  Dam,  iocated  below  the  foot  of 
Long  Sault  Island,  diverts  the  river  ficw  through  the 
Moses-Saunders  Power  Plant.  Its  gates  are  operated 
only  under  high  river  flow  conditions  or  when  flows 
through  the  power  house  need  to  be  restricted  for 
maintenance  of  generating  units.  Navigation  in  this 
stretch  of  the  river  is  through  the  Wiley  Dondero  Canal 
and  the  Eisenhower  and  Snell  Locks. 

The  third  set  of  control  structures  is  located  at  the 
exit  of  Lake  St.  Francis  where  the  Coteau  Control 
Dams  divert  a  major  portion  of  the  river  flow  through 
the  Beauharnois  Power  and  Navigation  Canal.  The 
Beauharnois  Powerhouse,  at  the  outfall  of  the  canal, 
has  a  head  of  80  feet  of  water  utilized  by  36  main 
generating  units  with  a  total  capacity  of  1.374.000 
kilowatts.  The  remaining  flow  leaves  Lake  St.  Francis 
through  the  Coteau  works. 

The  availability  of  power  in  winter  depends,  es¬ 
sentially.  upon  the  stability  of  the  ice  cover.  Unstable 
ice  cover  can  create  icejams  which  can  impede  the  flow 
of  water  or  block  the  plant  intakes,  curtailing  power 
production.  When  ice  is  forming  in  the  Beauharnois 
Canal.  Quebec-Hyrdo  requests  the  International  St. 
Lawrence  Board  of  Control  to  reduce  the  outflow  from 
Lake  Ontario  which  is  accomplished  at  the  Moses- 
Saunders  Power  Dam.  If  the  request  is  approved, 
Quebec-Hydro  follows  suit.  The  River’s  flow  is  subse¬ 
quently  increased  as  ice  conditions  permit. 

Between  Ogdensburg  and  Morrisburg.  Ontario- 
Hydro  and  PASNY  jointly  install  six  ice  booms  in  the 
International  Rapids  portion  of  the  River  each  year 
near  Ogdensburg.  The  booms  assist  in  the  formation 
and  maintenance  of  a  stable  ice  cover  in  thisarea.  Two 
of  the  booms  cross  the  navigation  channel 


The  effects  of  ice  on  navigation  locks 


Continued  operation  of  navigation  locks  under 
winter  conditions  involves  several  problems  related  to 
both  floating  ice  and  ice  that  forms  on  the  structural 
components  of  navigation  locks. 

Ice  buildup  on  the  mechanical  parts  of  locks  can 
hinder  efficient  operation  of  those  parts  such  as  lock 
gates  and  safety  booms.  If  the  ice  isallowed  to  increase 
to  significant  proportions,  it  may  cause  structural 
failure  of  some  lock  components.  The  formation  of  an 
ice  collar  on  lock  walls  may  impede  or  prevent  the 
smooth  transit  of  large  vessels. 


Floating  ice  above  the  lock  entrances  can  block 
gate  recesses  delaying  their  opening.  Large  amounts  of 
ice  pushed  in  ahead  of  the  vessel  may  prevent  the  vessel 
from  completely  entering  the  lock,  makingit  necessary 
to  back  the  vessel  out  and  flush  the  ice  ahead  of  it.  As 
vessels  entering  the  locks  cut  through  the  ice.  the  ice 
may  become  wedged  between  the  vessels  and  lock 
walls.  This  has  the  potential  of  jamming  the  ship  tight. 
If  forces  on  lock  wall  monoliths  increase,  the  structures 
can  become  unstable.  This  ice  jamming  is  a  particular 
problem  with  the  V-shaped  hulls  of  "salties." 

A  problem  immediately  upstream  of  the  locks  at 
Sault  Ste.  Marie  is  the  shoaling  of  bottom  material 
above  project  depth.  This  results  as  a  consequence  of 
the  more  powerful  propeller  wash  in  winter  that  occurs 
when  navigating  through  heavy  ice.  A  problem  im¬ 
mediately  downstream  of  the  locks  is  the  buildup  of 
loose  ice  in  Soo  Harbor  as  a  result  of  flushing  ice 
downstream  through  (he  locks.  An  ice  barrier  often 
results,  requiring  icebreaking  by  a  large-class 
icebreaker. 

The  traditional  maintenance  period  during  :h; 
winter  months  will  be  significantly  reduced  during  an 
extended  navigation  season.  The  reduced  working 
time  combined  with  a  higher  incidence  of  wear  and  tear 
on  the  locks  due  to  operations  under  ice  conditions  will 
require  a  revision  of  the  maintenance  schedule. 


Protecting  the  environment 


Effects  on  the  shoreline  and  channel  bottoms  in 
rivers,  harbors  and  constricted  bay  areas 

Erosion  and  dock  damage:  Increased  shoreline 
erosion  and  damage  to  shore  structures,  primarily 
docks,  can  result  from  winter  navigation.  When  a 
broken  ice  pack  moves  into  a  restricted  channel,  shore 
erosion  can  occur.  This  erosion  is  minimized  in  areas 
where  shallow  water  exists  along  shorelines  and  where 
water  freezes  solid  to  the  bottom.  Areas  of  deep 
nearshore  water  may  be  subject  to  erosion  due  to  the 
movement  of  ice  floes  as  well  as  from  the  drawdown 
effects  of  passing  vessels. 

Although  shore  ice  may  armor  the  river  bank 
against  erosion,  major  ship  disturbances  may  shift  this 
ice.  creating  shore  damage  and  exposing  it  to  ad¬ 
ditional  erosion  in  the  spring.  During  the  spring 
breakup,  artificially  high  water  velocities  caused  by 
ship  passages  may  also  cause  a  more  rapid  ice  runout 
than  found  in  normally  low  river  velocities.  Shoreline 
erosion  and  surface  runoff  can  have  an  adverse  effect 
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Ice  on  lock  gate  and  wall. 


on  wate1-  quality  in  that  siltation  of  spawning  '-.eas 
may  intc  tere  with  fish  egg  development,  hinthic  com¬ 
munities  may  also  be  disturbed  by  siltation. 

Drift  or  pack  ice.  a«  ".ill  as  stable  ice.  can  affect 
shore  structures  Tack  ice,  because  of  the  pressures 
generated  by  its  movement,  has  been  known  todaii.age 
structures,  particularly  those  made  of  wood;  stable  ice 
nas  a  tendency  to  adhere  to  vertical  piles  and  piers, 
with  fluctuations  of  water  under  the  ice  cover  lifting 
these  structures  out  of  position.  This  is  Vnown  as  ice 
jacking. 

The  action  of  passing  ships  can  also  contribute  to 
shore  structure  damage  by  intensifying  these  effects. 


phenomenon  has  been  reported  at  several  locations 
within  this  one  area,  residents  at  either  end  of  the  reach 
and  at  similar  areas  of  the  river  have  not  experienced  it. 

Bottom  scouring:  With  the  propeller  wash  of 
vessels  traveling  in  shallow  areas,  disturbed  bottom 
sediments,  which  become  suspended  in  the  water, 
result  in  increased  turbidity  and  a  disruption  of  benthic 
communities.  Vessel  movement  through  ice  requires 
an  increase  in  the  thrust  of  propellers,  crewing,  a  sub¬ 
sequent  increase  in  bottom  scouring  and  its  effects. 

Air  and  water  quality 


Vibrations:  Adjacent  to  upper  Lake  Nicolet. 
between  Frechette  Point  and  Six  Mile  Point  on  the  St. 
Marys  River,  a  unique  problem  sometimes  occurs. 
Local  residents  have  stated  that  the  movement  of  ships 
through  this  reach  of  the  river  during  ice  cover  con¬ 
ditions  creates  vibrations  severe  enough  to  cause  struc¬ 
tural  damage  to  buildings  on  shore.  Although  this 


Vessel  energy  usage  and  air  pollution:  Although 
the  Demonstration  Program  recognized  the  significant 
relationship  between  a  season  extension  and  vessel 
energy  usage,  along  with  attendant  air  pollution  poten¬ 
tials.  specific  studies  and  experiments  have  not  been 
conducted  with  regard  to  air  pollution.  Since  no  site 
and  navigation  route,  and  vessel  type  and  size  specific. 
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system-wide  energy  usage  was  demonstrated,  only 
qualitative  summarizing  statements  can  be  made,  The 
Winter  Navigation  Board  has  taken  the  position  that 
winter  navigation  will  result  in  a  net  reduction  in 
ene.gy  usage  for  the  nation.  There  is  an  additional 
energy  requirement,  inseparable  from  winter  naviga¬ 
tion.  due  to  the  increased  level  of  energy  usage  for  ice 


break  mg.  for  vessels  moving  through  ice  and  for  the  in¬ 
creased  vessel  traffic.  On  t.ie  balance,  studies  indicate 
winter  navigation  would  result  in  a  net  reduction  of 
energy  usage.  This  energy  savings  comes  about  because 
of  the  greater  energy  efficiency  of  watertransportation 
as  compared  to  overland  modes.  Much  work  needs  to 
be  performed  to  fully  document  these  claims. 
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Shore  erosion  and  damage  In  shore  structures  teas 
carefully  examined  during  Demonstration  Program. 
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While  there  appears  to  be  an  energy  saving  and 
less  usage-related  air  pollution  in  the  National  sense 
there  would  he  an  increased  energy  usage  on  the  system 
itsell.  Also  some  increase  of  potential  air  pollution 
sources  is  anticipated  due  to  lacilities  serving  winter 
ntu  igation.  such  as  harbors  and  locks.  This  may  result 
in  a  potential  air  pollution  increase  on  the  system  in  a 
qualitative  sense.  Significant  work  will  need  to  be  ex¬ 
ecuted  to  define  these  potential  pollution  aspects  as 
they  relate  to  the  comparatively  less  sophisticated 
pollution  control  facilities  of  vessels,  the  increased 
level  ol  vessel  movements,  and  the  applicability  and  en- 
lorceability  of  air  pollution  control  regulations  on  in¬ 
ternational  waterways. 


1‘ewel  discharges  and  regulation:  At  present, 
vessel  discharge  regulations  vary  extensively  over  the 
Circa*  l.akes  ar.d  St.  Lawrence  Seaway  System,  from 
state  to  state,  and  between  Canada  and  the  United 
Stales  On  the  Federal  level,  the  Environmental 
Protection  Agency’s  (EPA)  Standards  lor  secondary 
el  fluent  arc  enforced  under  the  Clean  Water  Act  ol 
mi 


A  study  of  "blackwater"  (human  body  wastes)  in¬ 
dicated  that  no  long-term  adverse  effects  were  an¬ 
ticipated  Irom  additional  loadings  of  treated 
blackwatcr  wastes  from  commercial  vessels-  -as  a 
result  of  an  extended  navigation  season.  Although  ap¬ 
proximately  33rr  of  commercial  vessels  provide  no 
treatment  of  blackwater  at  present,  by  ’1980.  the  dis¬ 
charge  of  untreated  sewage  by  commercial  vessels  will 
be  illegal.  These  regulations  will  require  Coast  Guard 
certification. 

"Greywater"  commonly  refers  to  domestic 
wastewaters  generated  from  galleys,  laundries, 
showers,  sinks,  and  miscellaneous  small  sources  such 
as  o<  tins  and  drinking  fountains  located  throughout 
the  ship.  There  are  currently  no  regulations  pertaining 
to  greywater  unless  it  is  included  in  the  same 
vvastestream  as  blackwater. 

rmhulence  soused  h v  vessel  propellers:  The  ac¬ 
ne  mes  of  icebreakers  and  commercial  vessels  during 
the  Demonstration  Program  in  shallow  buys,  hurbors 
and  connecting  channel  areas  of  the  Great  Lakes 
System  have  caused  varying  degrees  of  water  tur¬ 
bulence.  turbidity  and  bottom  erosion.  During  both 


lee  strengthened  Henry  Ford  If  moics  through  tee  field. 
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Underway  in  heavy  ice- 


winter  and  summer  months,  a  resuspension  of  both 
polluted  and  unpolluted  bottom  materials  occurs  as  a 
result  of  this  vessel  movement,  disturbing  fish  and 
wildlife  habitats  as  well  as  water  quality. 

Although  this  turbulence  has  been  only  partially 
investigated,  it  can  be  concluded  from  the  in¬ 
vestigations  on  sediment  transport  and  shoreline  ero¬ 
sion  conducted  by  the  U.S.  Army  Cold  Regions 
Research  and  Engineering  Laboratory  (CRREL)  that 
the  environmental  effects  of  vessel  movement  are 
restricted  to  only  the  shallower  areas  of  the  Great 
Lakes  System.  Areas  in  this  category  include  the  St. 
Marys.  St.  Clair  and  Detroit  Rivers;  small  portions  of 
the  St.  Lawrence  River;  Lake  St.  Clair;  western  Lake 
Erie;  bay  areas  such  as  Green  Bay.  Saginaw  Bay  and 
Maumee  Bay;  and  the  harbors  in  the  system.  With  the 
exception  of  the  harbors,  these  areas  are  also  the  most 
biologically  sensitive  and  productive  in  the  system. 

Water  turbulence  is  caused  primarily  by 
icebreaker  and  vessel  propeller  wash,  by  ice  chunks 
driven  into  the  bottom,  and  by  ship-induced  waves. 
Vessel  propellers  normally  generate  high  velocity 
currents  at  or  near  the  bottom  that  resuspend  par¬ 
ticulate  material  within  and  adjacent  to  the  vessel 
channels.  In  ice-covered  areas,  where  more  power  is  re¬ 
quired  to  move  a  vessel,  the  area  of  the  bottom  distur¬ 
bance  is  increased. 

Mnder  ice  conditions,  ship-induced  waves  and 
high  velocity  currents  have  been  found  to  stir  and 
erode  bottom  materials  outside  vessel  channels,  par¬ 
ticularly  in  shallow  areas  of  connecting  channels. 
These  induced  waves  and  currents  were  found  by 
CRREL  to  frequently  cause  normal  river  currents  to 
lake  a  360°  turn  in  direction.  The  velocity  of  the  tur¬ 
ning  current  was  also  found  to  be  much  greater  than 
that  of  the  normal  downstream  current  The  rotation 
of  the  normal  current  direction  and  the  great  velocity 
of  these  redirected  currents  result  in  stirring  and 
resuspending  bottom  substrate  materials. 

In  addition  to  rotating  the  direction  of  the  normal 
current,  ship-induced  waves  also  cause  a  withdrawal 
and  a  surge  of  shoreline  waters.  In  one  area  of  the  St. 
Marys  River,  the  withdrawal  and  surge  of  under-ice 
water  has  been  documented  on  at  least  one  occasion  to 
have  an  energy  force  sufficient  to  cause  a  breakup  of 
the  shoreline  ice  cover,  forcing  fish,  aquatic  vegetation 
and  bottom  material  through  breaks  in  theicecover 

In  addition  to  eroding  the  bottom  substrate,  this 
kino  of  turbulence  in  the  water  is  capable  of  causing 
physical  injury  to  fish,  and  such  turbulence,  even  cf  a 
lesser  magnitude,  can  be  expected  to  render  the  habitat 
less  suitable  The  shifting  of  the  bottom  substrate  as  a 
result  of  the  withdrawing  and  surging  waters  also 
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creates  an  unstable  habitat  for  benthic  communities. 

Comprehensive  studies  determining  the  extent  of 
impacts  of  ship-induced  turbulence  on  the  fish  and 
benthic  communities  have  not  been  conducted  during 
the  Demonstration  Program.  Observed  effects, 
however,  warrant  thorough  investigation  and  the  dis¬ 
covery  of  means  to  eliminate  or  minimize  the  losses. 

Disruption  of  solid  ice  cover 

Recreation:  Recreational  activities  on  the  ice- 
covered  connecting  channels,  harbors  and  bays  of  the 
Great  Lakes  include  ice  fishing,  snowmobiling,  cross¬ 
country  skiing,  snowshoeing  and  hiking. 

Ice  fishing  has  probably  been  the  most  affected  by 
the  Navigation  Season  Extension  Demonstration 
Program  because  more  people  participate  in  this  ac¬ 
tivity  than  the  other  sports.  In  areas  such  u  the  St. 
Marys  River,  complaints  have  been  received  from  local 
citizens  claiming  that  ice  fishing  has  become  unsafe  at  a 
result  of  the  Demonstration  Program.  The  primary 
reason  they  have  given  is  that  vessel  movement  causes 
the  ice  cover  to  crack,  break  and  heave  from  vessel- 
induced  waves. 

It  will  be  important  to  determine  the  location  of 
existing  and  pre-demonstration  fishing  areas  and 
determine  what  effect  Winter  Navigation  has  on  them. 

Commercialfishing:  The  Demonstration  Program 
has  resulted  in  reported  difficulties  with  winter  com¬ 
mercial  fishing  activity.  The  problems  have  not  receiv¬ 
ed  in-depth  investigation,  but  Saginaw  Bay  has  been 
identified  as  one  problem  area.  Commercial  fishing  in 
this  bay  is  reduced  because  moving  ice,  caused  by  a 
vessel  track  through  the  ice  cover,  often  seriously 
damages  gill  nets.  Additionally,  vessel  tracks  may  pre¬ 
vent  access  to  traditional  fishing  grounds. 

Wildlife  migration:  Ice  cover  over  connecting 
channels,  lakes  and  bay  areas  provides  animals  a  more 
available  means  of  moving  from  one  land  area  to 
another.  This  movement,  often  involving  a  search  for 
additional  food  supplies  during  the  winter,  offers 
valuable  opportunity  for  the  change  of  gene  strains  of 
island  populations.  Few  studies  have  been  undertaken 
during  the  Demonstration  Program  to  identify  species 
that  use  ice  cover  for  winter  movement,  the  locations, 
or  the  extent  of  this  movement,  but  movement  of  mam¬ 
mals  across  the  ice  has  been  observed.  According  to  the 
National  Park  Service,  this  is  the  means  by  which  Isle 
Royale  in  Lake  Superior  may  have  been  colonized  by 
moose  and  wolves. 

It  is  possible  that  the  St.  Marys  River  ice  cover 


Build  up  of  ice  on  MacArthur  Lock  gate. 


Ice  in  lock  at  Saul:  Sie.  Mane. 
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may  be  an  important  link  for  maintaining  balanced 
animal  populations.  Species  that  may  be  adversely 
affected  by  a  breaking  of  the  ice  cover  include  the 
whitetailed  deer,  moose,  bobcat,  red  fox,  coyote,  and 
possibly  the  endangered  grey  wolf.  Winter  movement 
of  these  and  other  animals  may  occur  between  the 
mainlands  of  Canada  and  the  United  States  and 
between  the  large  islands  and  the  mainlands.  The 
presence  of  a  ship  track  will  not  prevent  this  movement 
but  may  be  a  deterring  factor. 

Waterfowl  may  be  stopped  from  migrating  to 
more  southern  ancestral  wintering  habitats  by  open 
water  areas  created  by  extended  season  activities.  It 
will  be  necessary  to  determine  what  effects  winter 
navigation  will  have  on  wildlife  migration  and  winter¬ 
ing  waterfowl. 

Island  transportation  access 

Sugar  Island  and  Little  Rapids  Cut:  Downstream 
from  the  Stult  Ste.  Marie  locks  the  ice  cover  in  the  Soo 
Harbor  and  the  ice  bridge  above  Little  Rapids  Cut  can 
break  under  high  wind  or  thaw  conditions  and  move 
downstream,  sometimes  causing  ice  jams  in  the  lower 
Little  Rapids  Cut.  The  continual  movement  of  vessels 
during  the  winter  increases  the  amount  of  broken  ice 
that  could  jam  in  the  Little  Rapids  Cut  and  subse¬ 
quently  causes  disruption  to  the  Sugar  Island  ferry 
which  provides  service  to  about  450  permanent  island 
residents. 

If  the  ferry  track  becomes  filled  with  ice  or  ice 
builds  up  in  the  mainland  ferry  slip,  the  ferry  is  unable 
to  operate.  A  strong  cross  current  on  the  island  side 
normally  keeps  the  island  slip  clear  of  ice.  There  is  no 
cross  current  on  the  mainland  side  and  drift  ice  enter¬ 
ing  the  slip  can  make  landing  difficult  or  impossible. 

The  Sugar  Island  ferry  initially  had  limited  ice 
operating  capabilities.  Its  ability  to  operate  in  ice  con¬ 
ditions  was  subsequently  improved  for  operation  dur¬ 
ing  the  Demonstration  Program. 

Neebish  Island  and  West  Neebish  Navigation 
Channel:  The  Neebish  Island  ferry  currently  stops 
operating  when  ice  begins  to  develop.  Accessability  to 
the  mainland  for  the  island's  30  to  50  winter  residents 
resumes  when  the  ice  becomes  thick  enough  to  support 
foot  or  snowmobile  traffic.  At  this  time,  downbound 
vessel  traffic  is  directed  to  the  Middle  Neebish  Channel 
and  does  not  disrupt  normal  access  to  the  island. 

If  the  West  Neebish  Channel  is  used  for  future 


winter  navigation,  the  island  will  be  isolated  from  the 
mainland:  access  problems  will  be  created  similar  to 
those  experienced  by  the  Sugar  Island  residents.  (A 
particular  problem  in  the  Middle  and  West  Neebish 
Channel  is  that  neither  channel  can  accommodate  two 
way  traffic  without  a  traffic  control  mechanism  Dur¬ 
ing  ihe  normal  navigation  season,  the  Middle  Neebish 
is  used  as  the  upbound  channel  and  the  West  Neebish  is 
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used  as  the  downbound  channel.) 

Lime  Island:  With  the  advent  of  winter  navigation, 
ship  tracks  cut  tnrough  the  stable  ice  cover  between  in¬ 
habited  Lime  Island  and  the  Michigan  mainland, 
destroying  the  ice  cover  access  which  was  historically 
used  by  the  island's  winter  population  of  about  10 
adults.  The  residents  of  Lime  Island  are  employed  by  a 


private  company  which  is  located  on.  and  also  owns, 
the  island. 

Drummond  Island  and  DeTour  Passage:  Year- 
round  access  for  Drummond  Island's  600  permanent 
residents  is  provided  by  a  ferry  across  the  mile-wide 
DeTour  Passage.  Historically,  ferry  operations  have 
been  hampered  by  ice  blown  north  from  Lake  Huron. 
The  ice  jams  agamst  the  stable  ice  bridge  which  nor¬ 
mally  forms  across  the  Passage  upstream  of  the  ferry 
crossing  in  the  vicinity  of  Pipe  Island.  Northerly  winds 
tend  to  clear  the  passage  south  of  this  ice  bridge,  but 
frequently  loose  ice  is  blown  along  the  shoreline  at 
DeTour  and  or  Drummond  Island.  The  ice  tends  to 
compact  in  the  ferry  landing  slip  and  hampers  ferry 
docking  procedures. 

Commercial  navigation  through  the  solid  icefield 
in  DeTour  Passage  has  not  affected  its  overall  stability. 
Some  loose  ice  dislodged  at  the  edge  of  the  ice  bridge  at 
the  navigation  track  may  drift  away  under  northerly 
winds  reportedly  hampering  ferry  operations,  but  the 
large  areas  of  ice  arc  not  affected  by  the  relatively 
narrow  navigation  track. 

Winter  navigation  during  the  Demonstration 
Program  has  interfered  with  an  alternative  mode  of 
transportation  to  Drummond  Island:  snowmobiles 
can  no  longer  safely  utilize  the  stable  ice  bridge  north 
ol  the  ferry  crossing  because  of  thevessel  track  which  is 
reopened  with  each  ship  passage. 

Historical  and  cultural  resources 

Cultural  resources  include  almost  anything  that 
aflects  the  daily  living  patterns  of  people  in  a  given 
area  They  can  include  items  such  as  land  use:  number 
and  location  of  public,  commercial  and  individual 
tacilities:  and  recreational  habitsand  sites  used  by  local 
inhabitants.  Historical  resources  consist  primarily  of 
buildings  or  sites  relating  to  events  important  to  an 
area's  past,  or  representative  of  past  living  modes. 

Negative  impacts  on  these  kinds  of  resources  may 
iesult  from  changing  ice  forces,  from  potential  chang¬ 
ed  water  levels  caused  by  ice  boom  modiTications.  and 
from  the  results  of  ship  iransits  through  ice.  These 
negative  impacts  include  both  the  possibility  of  in¬ 
creased  shore  erosion  and  potential  damage  to  struc¬ 
tures  located  in  or  along  the  water.  As  well,  any  activity 
change  from  the  norm  (such  as  the  disruption  of 
recreational  fishing)  could  be  considered  a  negative 
effect  on  an  area's  cultural  resource. 
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Diagram  show*  Sugar  /.slant/  Ire  control  activity. 


To  minimize  any  possible  negative  effect  on  these 
resources,  a  complete  inventory  is  necessary  to  identify 
existing  resources  and  to  develop  plans  which  will 
minimize  the  negative  impacts  on  them,  should  they 
occur.  (Erosion  and  structural  damage  control 
measures  are  discussed  later  in  this  report.) 


Local  climatology 


Buffalo,  \ew  York;  Each  winter  since  the  winter 
of  1964-1965,  an  ice  boom  has  been  placed  at  the 
mouth  of  Lake  Erie  above  its  outlet  into  the  Niagara 
Kiver.  The  boom  is  installed  under  International  Joint 
Commission  authority  by  the  Power  Authority  of  the 
Slate  of  New  York  and  Ontario  Hydro.  The  purpose  of 
the  boom  is  to  enhance  the  formation  of  a  stable  ice 
cover  in  early  winter  (which  occurs  naturally  at  the 
boom  site  anyway)  and  to  dampen  the  effects  of  the  late  ■ 
winter  wind-generated  ice  runs.  This  mitigates  ice  con¬ 
trol  problems  at  the  downstream  intakes  of  the  power 
entities.  Such  problems  in  pre-boom  years  led  to 
serious  ice  jams  in  the  river,  resulting  in  reduced  power 
diversions  and  the  ensuing  increased  energy  losses. 
Heavy  ice  runs  also  caused  extensive  damage  to 
shoreline  property  along  the  Niagara  River. 

Studies  conducted  throughout  the  fifteen-year 
post-boom  period  show  that  the  ice  carrying  capacity 
of  the  Niagara  River  is  virtually  insignificant  when 
compared  to  the  natural  rate  of  dissipation  of  Lake 
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Bnhbler/fluslter  system  at  work  at  Sugar  island  Ferry 
Dork. 


Erie  ice  by  melting  in  place,  and  to  the  enormous 
amounts  of  ice  present  on  the  lake  (often  ten  thousand 
square  miles).  However,  small  amounts  of  ice.  in  terms 
of  the  total  amount  on  the  lake,  can  have  disastrous 
effects  on  the  Niagara  River. 

The  installation  of  an  ice  boom,  at  the  head  of  the 
Niagara  River  near  Buffalo  Harbor,  is  felt  by  some,  to 
prolong  the  period  of  ice  cover.  Notably,  in  this  area, 
the  U.S.  Lake  Carriers'  Association  felt  that  the  start  of 
the  navigation  season  was  unnecessarily  delayed  due  to 
this  effect.  The  Council  of  the  town  of  Fort  Erie. 
Canada,  also  felt  that  the  ice  field  restricted 
recreational  sports  and  deterred  the  flow  of  tourist 
dollars  into  that  area. 

Although  it  has  been  shown  that  the  water 
temperature  regimes  have  been  lower  during  April  in 
the  post-boom  years,  there  has  been  no  evidence  of  any 
effect  of  the  boom  on  local  climatology,  navigation,  or 
recreation  by  any  of  the  many  technical  studies  per¬ 
formed  to  date  by  the  IJC,  its  cooperating  agencies  or 
independent  investigators. 

The  theory  has  been  proposed  that  the  boom  may. 
in  fact,  reduce  the  severity  of  the  Lake  Erie  ice  cover 
since  a  stable  ice  cover  is  less  subject  to  windrowing 
and  dense  packing.  This  theory  has  not  been  substan¬ 
tiated  by  factual  data,  nor  have  any  claims  that  the 
boom  extends  the  ice  season. 

The  boom  does  not  intersect  any  commercial 
navigation  routes,  and,  therefore,  has  no  knov effect 
on  existing  commercial  navigation. 
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Vessel  tracks  at  St.  Marys  River. 

Great  Lakes!  Seaway  Region  in  general:  At¬ 
mospheric  temperature  inversions,  a  common 
phenomenon  during  the  spring  warmup  period,  occurs 
over  the  Great  Lakes  region.  This  inversion  is  created 
when  warm  air  masses  pass  over  cold  lake  surfaces  and 
become  chilled.  A  result  of  a  temperature  inversion  is 
the  development  of  an  interface  separating  the  upper 
warm  air  mass  from  the  lower  colder  air  mass.  As  a 
result,  gaseous  discharges  into  the  bottom  layer 
become  trapped  and  air  quality  deteriorates  in  regions 
having  sufficient  gaseous  discharges,  if  the  inversion 
phenomenon  extends  over  a  prolonged  period.  Any  ac¬ 
tivity  which  tends  to  upset  normal  heat  transfers 
between  the  Lakes  and  the  atmosphere  could  cause  a 
change  in  local  microclimates. 

Working  in  winter 

Rescheduling  vacation  time:  Four  occupational 
groups  have  been  identified  as  being  directly  affected 
by  winter  navigation  activities:  vessel,  terminal,  lock 
and  pilot  personnel. 

Vessel  personnel  include  about  5,000  people  at  the 
peak  of  the  shipping  season.  These  employees  are 
assigned  to  vessels  operating  with  about  30  men  per 
ship. 

U.S.  and  Canadian  p  toting  personnel  throughout 
the  System  number  about  155,  and  maintain  a  seasonal 
lifestyle  of  spring,  summer  and  fall  employment,  with 
the  winter  months  open  for  vacation  or  recreational  ac¬ 
tivities. 


Diagram  shows  Lime  Island  Turn. 

With  winter  navigation,  seasonal  employment  for 
these  groups  would  change  t«  year-round  employ¬ 
ment. 

Terminal  and  dock  personnel  are  usually 
employed  year-round  and.  although  season  extension 
would  not  materially  affect  their  work,  their  specific 
duties  would  change  with  a  navigation  extension. 

There  are  about  4.000  persons  employed  in  ter¬ 
minals  at  the  peak  of  the  season,  and  another  350 
employed  at  the  Sault  Ste.  Marie  and  St.  Lawrence 
Seaway  locks.  Changes,  both  in  the  work  activities  and 
vacation  schedules,  would  emerge  from  an  extended 
season  effort. 

Working  in  cold  weather  environments:  Winter 
weather,  of  course,  poses  certain  problems  for  people 
working  in  the  winter  months.  Productivity  is  obvious¬ 
ly  affected  due  to  time  required  for  snow  removal,  and 
the  movement  of  bulk  cargo  can  create  handling 
problems  should  they  freeze  into  large  chunks. 

Equipment  used  in  winter  requires  longer  start-up 
periods.  Year-round  use  also  eliminates  overhaul  time, 
and  may  necessitate  the  purchase  of  additional  equip¬ 
ment 

The  safety  and  dress  of  workers  in  winter  con¬ 
ditions  is  also  a  major  item  of  concern. 

Moving  oil  and  hazardous  materwl  during  winter 

Heating  oil.  gasoline  and  benzine  are  generally  the 
only  hazardous  materials  moved  in  quantity  on  the 
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Icc  boom  constructed  with  an  open  water  navigation 
channel  through  the  icc  cover. 


Great  Lakes  during  the  winter  months.  Few.  if  any. 
spills  occur.  The  Coast  Guard  has  indicated  that  winter 
navigation  does  not  include  an  inherently  higher  risk  of 
spillage.  Historically,  most  spills  are  related  to  wave 
damage  and  grounding.  Ice  cover  significantly  reduces 
the  potential  for  these  types  of  incidents. 

Consistent  concern  has  been  expressed  by  some 
local  residents  as  to  the  ability  of  the  Government  to 
adequately  contain  and  clean  up  such  spills  before 
irreversible  damage  occurs  in  the  environment. 

The  Department  of  the  Interior  and  Environmen¬ 
tal  Protection  Agency  haveconcluded  that  present  day 
technology  to  clean  up  spills  in  ice  covered  fluvial 
waters  of  the  connecting  channels  is  inadequate  to 
protect  fish  and  wildlife  resources  and  their  habitats. 
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Defining  costs  and  benefits 


As  part  of  the  overall  Great  Lakes  and  St. 
Lawrence  Seaway  Navigation  Season  Extension  Sur¬ 
vey  Study,  problems  have  been  identified  and  solutions 
developed  and  tested  under  the  Demonstration 
Program  in  order  to  show  that  winter  navigation  is 
possible.  Many  of  the  Demonstration  Program's  ac¬ 
tivities  were  conducted  in  one  location  which  is 
representative  of  several  areas.  Then,  too,  many 
solutions  to  problems  required  the  development  of  new 
hardware  and  techniques  at  costs  considerably  greater 
than  those  for  standard, ,  commercially  available 
material,  if  they  could  be  used. 

It  becomes  apparent,  therefore,  that  costs  in  a 
Demonstration  Program  ma;  not  be  representative  of 
those  occurring  in  a  normal  system-wide  program.  At 
the  same  time,  the  use  of  experimental  costs  prohibit 
the  establishment  of  an  accurate  cost-to-benefit  ratio 
for  the  Demonstration  Program  itself.  Costs  of  each 
demonstration  project  are  accurately  recorded  for  con¬ 
sideration  in  the  overall  feasibility  study 
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Canadian  co-participation 


For  any  system-wide  season  extension  program  to 
become  a  reality.  Canadian  co-participation  >s  vital.  In 
addition  to  sharing  ownership  of  the  system,  the  major 
portion  ol  the  St.  Lawrence  River,  the  system's  link  to 
the  world's  oceans,  is  within  Canadian  boundaries.  Its 
Seaway  laciltties  are  under  the  jurisdiction  of  the  St. 
Lawrence  Seaway  Authority  of  Canada. 

The  system  below  Montreal  currently  enjoys  year- 
round  navigation.  Sharing  such  a  vast  resource. 
Canada  has  an  obviously  large  stake  in  any  extended 
navigation  season,  and  especially  as  it  relates  to  the 
movement  of  goods  to  and  from  foreign  countries. 

Cooperative  relationships  with  Canada  are 
critical  to  the  success  of  the  program. 


Public  involvement 


An  important  ingredient  of  the  Demoastration 
Program  has  been  the  public  involvement  program,  in 
which  various  publics  have  been  informed  about  the 
lirst  actions  and  results  of  past  studies  relating  to  the 
winter  navigation  efforts.  Comments  and  suggestions 
were  and  will  be  continually  encouraged  from  groups 
and  individuals  in  order  to  allow  the  Winter  Naviga¬ 
tion  Board  to  gain  the  widest  input  possible  and  to 
direct  activities  acceptable  to  all  levels  within  the  con¬ 
straints  of  the  Program.  This  type  of  public  input  serv¬ 
ed  to  focus  on  many  of  the  problems  facing  the 
program  such  as  shore  erosion  and  structure  damage, 
island  access  difficulties,  and  the  need  for  comprehen¬ 
sive  environmental  studies. 
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After  view  of  the  Mackinaw. 


III.  ACTIVITIES  TO  DATE 


Assisting  vessels  (hrou|h  ice 


Icebreaker  support 

One  of  the  primary  activities  pursued  by  the  Great 
Lakes  Demonstration  Program  was  the  overall  objec¬ 
tive  of  safe  and  efficient  movement  of  vessels  through 
ice-covered  waters.  The  major  responsibility  for  this  ef¬ 
fort  fell  to  the  U.S.  Coast  Guard  with  its  icebreaking 
activities. 

Coast  Guard  vessel  fleet 

In  the  Great  Lakes-St.  Lawrence  Seaway  System 
two  large  icebreakers  are  used  to  facilitate  extended 
season  vessel  movement  in  ice-covered  waters.  Inaddi¬ 
tion  to  these  two  vessels,  one  of  which  is  the  Great 
Lakes  icebreaker  Mackinaw,  a  number  of  smaller 
cutters  are  normally  employed  in  rivers  and  narrow 
channels  to  maintain  traffic  flow. 

During  the  demonstration  effort,  Canadian 
icebreaking  vessel  activities  were  coordinated  with 


those  of  the  U.S.  Coast  Guard.  Section  2  of  Title  XIV, 
U.S.  Code  was  amended  by  PL  93-SI9  to  authorize 
such  cooperative  icebreaking  activities  on  a  seasonal 
basis. 


Preventive  icebreaking 

Preventive  icebreaking  has  proved  to  be  an  ex¬ 
cellent  alternative  to  single  ship  escort  in  many  areas  of 
the  Great  Lakes.  This  activity  involves  opening  and 
then  maintaining  tracks  through  the  ice  for  large 
vessels  to  follow  to  their  destinations  unescorted. 

Convoy  travel 

During  the  latter  years  of  the  Demonstration 
Program,  the  use  of  convoys  have  proved  to  be  effec¬ 
tive  in  reducing  the  work  load  of  the  icebreaker  fleet.  In 
this  case,  ships  are  assembled  at  a  given  point  and  are 
assisted  to  their  common  regional  destinations  by  an 
icebreaker. 

Joint  U.S.  Coast  Guard- Canadian  Coast  Guard 
Guide 

To  facilitate  the  transmittal  of  information  on 
icebreaking  techniques  and  policy  utilized  during  the 
Demonstration  Program  period,  a  joint  U.S.  and 
Canadian  icebreaking  guide  was  developed  and  dis¬ 
tributed  to  all  U.S.  and  Canadian  shipping  companies 
each  year  of  the  program. 


Ire  saw. 


Non-convemio.iul  icebreaking 

Several  methods  of  icebreaking  were  tested  during 
the  period  covered  by  the  Demonstration  Program. 
The  tests  were  conducted  in  various  locations  both 
within  and  outside  of  the  Great  Lakes  Basin.  Not  all 
tests  were  funded  directly  under  the  Demonstration 
Program.  Information  obtained  from  these  tests  have 
indicated  that  none  are  universally  implemenlable  un¬ 
der  conditions  found  on  the  Great  Lakes  and  their  con¬ 
necting  channels. 

A  submerged  icecracking  engine  was  tested  on 
Muskegon  Lake  near  Muskegon,  Michigan.  This 
device  breaks  up  ice  by  periodic  sudden  release  of  high 
pressure  combustion  gases  underneath  the  ice.  An 
operating  form  of  this  device  would  be  ship-mounted 
for  navigation  channel  clearance  in  lakes  and  rivers. 
Tests  indicated  that  this  device  could  clear  a  channel  40 
feet  wide  through  ice  two  feet  thick  at  a  rate  of  five 


Scale  model  mechanical  ice  cutter. 


MPH.  A  drawback  for  this  type  of  icebreaking  device 
is  that  it  requires  a  substantial  increase  in  the  power 
supply  of  the  accompanying  vessel. 

Experiments  were  conducted  to  determine  the 
power  requirements  of  cutting  ice  with  high  pressure 
water  jets.  Tests  were  conducted  near  Houghton. 
Michigan,  under  conditions  that  yielded  ice 
thicknesses  of  at  least  two  feet.  It  was  determined  that 
this  form  of  icebreaking  was  not  feasible  because  it  re¬ 
quired  excessive  power  plants  and  the  current  state-of- 
the-art  for  necessary  high  pressure  water  jet  equipment 
was  not  reliable. 

The  operation  of  a  mechanical  ice  cutter  (MIC) 
was  also  investigated.  The  MIC  consists  of  circular 
saws  mounted  on  the  forward  bow  of  a  barge.  When 
the  barge  is  pushed  into  the  ice  field,  two  longitudinal 
cuts  are  made.  Once  cut.  the  sides  break,  bending  un¬ 
der  the  cutter  barge,  and  are  deflected  laterally  under 
the  adjacent  ice  sheet  by  a  skeg,  mounted  beneath  the 
barge.  It  was  thought  that  the  MIC  would  leave  in  its 
wake  an  ice  free  channel.  But  it  was  found  that  the 
cleared  channel  would  refreeze  and  with  each  vessel 
passing  a  new  frozen  cover  with  significant  brash  con¬ 
tent  would  occur.  It  was  also  found  that  breakage  of 
adjacent  ice  cover  by  vessel  waves  added  to  the  brash 
content  in  the  channel. 

Air  cushioned  vehicles 

During  the  winter  of  1975-76  Transport  Canada 
conducted  tests  of  a  new  icebreaking  method  at 
Thunder  Bay,  Ontario,  using  an  air  cushion  vehicle, 
Iceater  I.  This  vehicle  is  a  modified  ACT  100  hover¬ 
craft  with  a  14  foot  'V'  notch  cut  into  its  hull  to  accom- 


Canadian  icebreaker  pushes  air  cushion  vehicle  unit 
during  Lake  Superior  tests. 


modate  the  bow  of  a  powered  vessel.  The  U.S.  Coast 
Guard  performed  tests  during  the  winter  of  1977-78  us¬ 
ing  air  cushioned  vehicles  as  icebreakers  on  the  Illinois 
and  Mississippi  Rivers.  Vehicles  tested  included  both 
bow  mounted  and  self  propelled  vehicles.  All  vehicles 
tested  were  successful  in  varying  degrees  in  use  as 
icebreakers. 

While  all  these  tests  showed  the  various  devices 
are  feasible  as  icebreaking  methods,  available 
technology  does  not  necessarily  make  them  prac¬ 
ticable.  Additionally,  test  locations  do  not  ensure  that 
the  results  are  universally  applicablefor  use  under  con¬ 
ditions  found  on  the  Great  Lakes  and  their  connecting 
channels. 


The  Mackace,  a  bow  mounted  air  cushion  vehicle. 
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Artist's  Interpretation  oj  air  bubbler  system  on  ship 
hull. 


Air  bubbler  system  on  vessel  hulls  to  ease  transit 

An  air  coating  system  on  a  vessel's  hull  was 
designed  to  produce  and  direct  a  uniform  coating  of  air 
around  the  vessel's  hull,  thereby  reducing  the  amount 
of  friction  a  vessel  would  encounter  while  moving 
through  ice  fields.  The  system  consisted  of  a  series  of 
manifolds  located  external  to  the  ship's  hull,  with  each 
mainfold  connected  to  an  air  supply  line  The  rapid  ex¬ 
pelling  of  large  quantities  of  air  through  the  small  holes 
in  the  mainfold  caused  an  upswelling  of  water  to  ac¬ 


company  the  air.  This  combination  of  air-water  mix¬ 
ture  provided  a  lubricating  film  between  the  ice  and  the 
hull.  Gauges  were  placed  on  the  hull  of  the  testing 
vessel  to  measure  forces  caused  by  movement  through 
ice.  Tests  demonstrated  that  the  test  vessel  did  show 
reductions  in  friction  while  moving  through  ice.  They 
also  indicated  the  practicability  of  designing  air 
manifolds  to  allow  a  uniform  air  coating  to  be  obtained 
at  various  drafts  and  tnm  conditions.  It  has  not  been 
determined  whether  or  not  such  a  system  is  an 
economical  solution  to  this  problem. 
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Air  bubble r  systems  to  suppress  ice  in  channels 


Section  oj  bubbler  pipes  shows  small  hole  through 
which  compressed  air  is  released. 


Air  bubbler  pipe  laying  operation. 
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An  air  bubbler  system  produces  rising  air  bubbles 
which  move  the  slightly  warmer  bottom  water  to  the 
surface,  where  it  melts  ice  or  reduces  ice  thickness,  eas¬ 
ing  a  ship's  passage.  An  onshore  air  compressor  feeds 
air  through  a  supply  line  to  a  flexible  perforated 
bubbler  pipe  anchored  along  the  channel  bottom, 
where  its  small  holes  —  1 0- 1 5  feet  apart  —  cause  a  bub¬ 
ble  stream  to  move  continuously  upward,  creating  a 
current  to  the  surface.  The  bubbler  pipe  floats  above 
the  contour  of  the  bottom,  supported  by  ropes  secured 
to  concrete  block  anchors. 

Bubbler  systems  were  tested  for  three  winters 
( 1972-75)  at  the  Duluth-Superior  Harbor  to  determine 
the  effectiveness  of  the  system  over  various  con¬ 
figurations  and  locations  within  the  harbor.  During 
FV  73  a  loop  bubbler  system  was  installed  on  the  west 
side  of  the  Superior  entry  to  the  harbor.  The  site  was 
chosen  because  late  shipments  of  ore  were  scheduled  to 
be  made  that  winter  to  nearby  docks.  The  bubbler 
system  was  intended  to  furnish  information  on  the 
problems  involved  in  installation  and  data  on  the  effec¬ 
tiveness  of  the  system  in  facilitating  movement  into 
and  out  of  the  docks.  Environmental  effec's  resulting 
from  operation  of  the  system  were  monitoied  prior  to 
installation,  during  operation,  and  after  shutdown. 

Another  bubbler  system  was  installed  at  the 
Duluth-Superior  Harbor  in  and  adjacent  to  Howards 
Bay  to  obtain  additional  information  on  the  costs  and 
problems  involved  in  installation  and  maintenance  of 
bubbler  systems  and  to  further  evaluate  its  effec¬ 
tiveness  in  facilitating  vessel  movements  in  harbors. 
This  site  was  chosen  because  two  vessels  were  to  arrive 
at  nearby  shipyards  located  within  Howards  Bay  dur¬ 
ing  early  February  1974  for  structure  modifications. 
Again,  the  environmental  effects  were  monitored  by  a 
consultant.  During  operation,  the  system  was  damag¬ 
ed  twice  by  passing  ships.  Both  times,  after  the  system 
was  repaired  and  operation  resumed,  the  ice  was  dis¬ 
sipated  rapidly. 

The  bubbler  system  in  the  Howards  Bay  area  of 
Dulutn-Superior  Harbor  was  again  used  during  the 
1974-75  winter  season  for  the  purpose  of  examining  t  he 
impact  of  such  a  system  on  water  quality. 


Vessel  track  is  apparent  in  this  St.  Marys  River  photo. 


The  bubbler  system  at  the  Superior  entrance  to 
the  Duluth-Superior  Harbor  extended  shipping  at  the 
docks  until  1  January  1973.  Asevere  early  winter  caus¬ 
ed  a  heavy  buildup  of  ice  at  the  docks,  cutting  short  the 
scheduled  extension  of  ore  shipments  by  about  one 
week.  The  vessels  had  no  difficulty  in  maneuvering  in 
the  bubbler  area. 

The  bubbler  system  at  the  Howards  Bay  location 
was  operated  until  19  February  1974.  The  system  per¬ 
formed  well  during  the  test  period,  succeeding  in  keep¬ 
ing  an  area  25  to  40  feet  wide  clear  of  ice  over  the  length 
of  the  bubbler  and  with  greatly  reduced  ice  thickness 
extending  an  additional  20  feet  on  either  side. 

The  bubbler  system  also  proved  to  be  en¬ 
vironmentally  acceptable  with  no  serious  adverse 
effects  observed  during  three  years  of  study.  The 
system  appears  to  be  practical  and  suitable  for  use  over 
a  wide  variety  of  applications  and  locations. 

In  the  St.  Marys  River,  at  the  Lime  Island  Turn,  a 
bubbler  system  was  used  in  the  winter  of  1972-73  and 
again  in  1973-74.  This  location  was  selected  because 
ships  experienced  unusual  difficulty  in  negotiating  the 
sharp  70°  tum  in  a  stable  ice  Held  that  produced  as 
much  as  three  feet  of  ice.  The  water  depth  was  about  55 
feet  and  current  velocity  was  relatively  low  (less  than 
one-half  foot  per  second).  This  test  used  a  5,000-foot 
supply  line  from  the  Island  connected  to  a  3,000-foot 
bubbler  pipe  located  on  the  channel  bottom. 

The  Lime  Island  Tum  bubbler  installation  per¬ 
formed  well.  Ice  thickness  was  negligible  directly  over 
the  diffuser  pipe.  The  installation  significantly  aided 
vessel  passage  through  the  Tum.  although  it  was  learn¬ 
ed  that  ships  had  to  pass  directly  over  the  bubbler 
center  line  in  order  to  achieve  maximum  benefit. 

Vessel  masters  traversing  the  St.  Marys  River  dur¬ 
ing  the  extended  navigation  season  reported  that  as  a 
result  of  the  bubbler  system  they  were  able  to  negotiate 
Lime  island  Turn  without  difficulty.  They  suggested 
that  the  bubbler  line  be  lengthened  to  include  more  of 
the  tum.  and  some  expressed  the  opinion  that  there 
was  some  decrease  in  ice  thickness  downstream  from 
the  tum  because  of  the  bubbler  operations. 

Thermal  ice  suppression 

A  test  was  devised  during  the  Demonstration 
Program  to  investigatt  the  use  of  thermal  discharge 
from  industry  and  power  production  in  various 
locations  around  the  Great  Lakes  as  a  means  of 
facilitating  winter  shipping.  A  thermal  suppression 
system  is  very  similar  to  an  air  bubbler  system  in  that 
warm  effluent  water  is  released  through  a  diffuser  pipe 


View  of  convoy. 


lo  reduce  ice  thickness  or  lo  prevent  ice  formation  in  a 
navigable  waterway, 

Through  the  end  of  FY  75.  efforts  were  made 
toward  site  selection,  a  feasibility  study,  the  collection 
ol  environmental  baseline  data  for  several  years  prior 
to  testing,  the  design  ot  a  pilot  test  facility,  and  the 
purchase  ol  equipment.  A  number  of  locations  were 
considered.  Saginaw  Bav.  at  the  mouth  of  the  Saginaw 
River  in  Lake  Huron,  was  finally  selected  as  the  best 
site  to  study  the  thermal  ice  suppression  process 
Equipment  was  installed  and  tested  in  FY  76. 

The  thermal  ice  suppression  demonstration  was 


conducted  using  heated  effluent  from  a  power  plant 
located  near  the  test  site.  A  feeder  pipe  was  installed  to 
the  navigation  channel  and  a  diffuser  pipe  800  feet  long 
was  laid  along  the  channel  edge. 

I  he  heated  effluent  was  discharged  through  a 
series  of  nozzles  positioned  at  angles  of  0°  to  45°  and 
00°  to  the  channel  bottom.  Test  data  was  collected 
throughout  the  winter  to  determine  the  horizontal  ex¬ 
tent  of  the  eflects  of  the  heated  water,  its  effectiveness 
and  its  environmental  impacts.  Substantial  ice  melt, 
which  was  anticipated,  did  not  occur.  The  thermal 
plume  Irom  the  horizontal  and  45°  diffuser  nozzles  did 
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not  melt  surface  ice  Howeve.,-  the  verticle  jets  did 
produce  open  water  areas  The  potential  of  combining 
an  air  bubbler  system  with  warm  water  discharges  was 
favorably  discussed  but  no  studies  were  performed 


Navigation  aids,  devices  and  systems 


Prototype  ice  buov  tests 

A  regional  deterrent  to  winter  navigation  in  the 
confined  waters  of  the  Great  Lakes-St.  l^iwrence 
Seaway  System  is  the  removal  of  the  conventional 
buoys  by  the  Coast  Guard  as  ice  begins  to  form  These 
buoys  are  removed  to  prevent  their  being  moved  off 
station,  or  capsized  by  ice 

Based  upon  admittedly  limited  experience,  the 
Coast  Guard,  in  1972,  designed  six  buoys  to  withstand 


the  rigors  of  the  ice  environment.  Various  sizes  were 
designed  to  ascertain  cost  ratios,  ice  accumulation  on 
superstructures  and  handling  capability.  Of  the  six. 
two  were  stock  items  from  the  Coast  Guard's  existing 
inventory  of  ocean  buoys.  These  were  modified  by 
removing  open  cage  ladder-style  superstructures  and 
installing  cylindrical  12  inch  d  iameter  tubes  to  support 
beacons.  This  modification  reduced  the  affected  area 
of  ice  accumulation. 

One  of  the  buoys  was  9  feet  in  diameter  and  20  feet 
long,  with  a  conical  base.  Linder  high  forces,  the  sloped 
edge  of  the  base  could  assist  the  buoy  to  ride  up  to  the 
surface  of  the  ice.  reducing  the  strain  on  the  anchor. 
The  second  wasa  standard  cylindrical  buoy  9ftet  by  32 
feet. 

A  Discus  buoy  was  designed  and  constructed  in  an 
octagonal  shape  deployed  in  the  St.  Marys  Riverat  the 
l.tme  Island  Turn.  The  largest  buoy  tested,  the  Discus 
was  16  feet  in  diameter,  but  with  a  shallow  draft  and 
with  sloping  sides  so  that  it  too  would  ride  up  on  the  ice 
surface  under  heavy  pressure. 

The  three  large  buoys  were  made  with  a  special 
anchor  system  comprised  of  a  high  holding  power 
"Stato"  anchor,  which  was  capable  of  producing  a 
holding  power  to  weight  ratio  of  10:1  and  possibly 
20:1.  With  an  anchor  weight  of  9,000  pounds,  the 
holding  power  could  reach  180,000  pounds  in  the  river 
bottom  soils  commonly  found  in  the  Great  Lakes 
areas.  In  each  mooring  chain,  self-recording  ten¬ 
siometers  were  installed  to  provide  data  which  would 
determine  the  ice  forces  experienced  and  provide  a 
comparison  between  different  buoy  hulls,  shapes  and 
sizes. 

Three  smaller  buoys.  5  feet  in  diameter  and  1 8  feet 
long,  were  also  tested  under  ice  conditions  in  the 
Detroit  and  St.  Gair  Rivers,  where  large  sheets  of  ice 
do  not  frequently  occur  This  would  reduce  the  ice 
forces  on  moorings.  Inst,  bility  due  to  ice  accumulation 
on  superstructures  was  a  common  problem  in  these 
areas,  so  the  modification  in  the  5-foot  by  18-foot 
buoys  attempted  to  maintain  the  buoys  in  an  erect 
position,  despite  the  ice  formation. 

Additional  testing  of  ice  buoys  continued  in  FY 
75.  with  the  high  hopes  that  "Stato"  anchors  and  some 
design  modifications  of  ice  buoys  would  solve 
problems.  Ice  accumulation  on  the  top  of  buoys 
resulted  in  the  buoy  becoming  top  heavy  and  turning 
over,  displacing  the  light  from  the  mariner's  plane  of 
eye  and  damaging  the  lantern.  Also,  shifting  ice  floes  in 
the  channel  resulted  in  displacement  of  buoys,  taking 
them  from  their  cnarted  positions.  The  tests  aid  not 
confirm  that  the  revised  design  solved  these  problems. 
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User  reports  indicated  that  the  experimental 
buoys  were  generally  effective— they  maintained  their 
position  in  ice.  were  highly  detectable  on  ship  radar, 
readily  detectable  visually  and  were  a  valuable  aid  to 
the  shipmaster  in  planning  hisapproach  to  a  turn  in  the 
channel.  Although  the  ice  conditions  were  relatively 
mild  during  the  testing  period,  the  results  of  these  tests 
indicate  that  :t  is  possible  to  design  and  deplov  ice 
buoys  for  year-round  navigation. 

While  useful  in  certain  areas  from  the  mariner’s 
standpoint,  specific  lighted  ice  buoys  proved  to  be  less 
reliable.  Generally,  unlighted  ice  buovs  showed  more 
promise,  and  it  is  expected  that  there  would  be  more 
use  of  this  type  of  buoy  in  the  future  as  winter  aids  to 
navigation  in  the  Great  lakcs-St.  Lawrence  Seaway 
System. 

Deplov  mem  and  testing  of  radar  transponder 
beacons  (RACOSs) 

An  evaluation  of  radar  transponder  beacons 
(RACONs)  was  conducted  by  the  Coast  Guasd.  The 
RACON  is  designed  to  transmit  a  response  to  a  ship’s 
radar  signal,  enabling  long-range  detection  of  a  shore 
target  and  better  range  determining  capability. 

The  range  enhancement  is  a  significant  factor  for 
safe  navigation  during  an  extended  season  oecause 
ndges  caused  by  windrowed  ice  can  create  a  false  dis¬ 
play  of  the  shoreline,  thereby  introducing  position  un¬ 
certainties.  RACON  displays  on  ship  radar  screens  in¬ 
dicate  the  bearing  and  range  to  the  unit  and  the  signal 
can  be  coded  for  positive  identification.  Detection 


ranges  averaged  8  to  1 6  miles,  depending  on  the  type  of 
ship's  radar. 

RACON  installations  in  prior  years  yielded  a 
radar  response  of  90-IS0  seconds,  which  was  con¬ 
sidered  an  excessive  delay.  Modificationstofourofthe 
six  units  were  provided  to  decrease  the  response  rime  to 
approximately  30  seconds.  The  RACONs  were 
deployed  at  several  locations  in  the  St.  Marys  River. 

The  RACON  response  interval  is  a  function  of 
both  the  rotation  speed  of  the  radar  antenna  and  the 
bandwidth  of  the  radar  receiver.  Generally,  slow  rota¬ 
tion  speeds  (20  RPM  or  less)  and  wide  bandwidth^  (12 
MHz  or  higher)  improve  the  detection  interval  most 
successfully.  More  frequent  response  times  cause  slight 
decreases  in  detection  ranges  for  certain  ship  radars. 
Despite  this  decrease,  most  users  favor  the  shorter  in¬ 
terval  between  responses. 

Uini  Loran-C  radionavigation  system  tests 

Loran  (Long  Range  Navigation)  is  a  highly  ac¬ 
curate  position  determining  system  which  utilizes  the 
difference  in  the  time  of  arrival  of  radio  frequency 
pulses  broadcast  by  three  or  more  broadcasting 
stations.  Simpler  to  operate  than  a  television  set. 
Loran-C  receivers  are  offering  vessel  officers  position 
fixing  systems  capable  of  determining  a  vessel’s  "fix' 
with  accuracy  within  one-quarter  of  a  mile. 

A  Mini  Loran-C.  a  scaled  down  Loran-C  system 
involving  a  low  power  transmitter,  has  been  installed 
to  provide  precision  radionavigation  coverage  of  the 
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Loran-C  chain',  affecting.  the  Great  Lakes. 


St.  Marys  River.  The  system  consists  of  unmanned 
transmitters  located  from  30  to  100  miles  apart  which 
are  precisely  controlled  ny  a  monitor  located  in  the 
coverage  area.  The  Loran-C  coverage  area  includes  the 
St.  Marys  River  from  Whitefish  Bavin  Lake  Superior 
to  DeTour  Passage  in  Lake  Huron. 

To  provide  the  desired  coverage  in  all  areas  of  the 
St.  Marys  River,  and  to  provide  the  accuracy  required 
for  a  precision  guidance  system,  four  stations  (two  in 
Canada  and  two  in  the  L.S.).  are  used,  each  transmit¬ 
ting  100  watts. 

Each  transmitting  station  is  continuously 
monitored  at  the  Sault  Ste.  Marie  monitoring  station, 
and  is  remotely  controlled  to  maintain  the  required  ac¬ 
curacy  . 

The  position  accuracy  desired  in  such  a  system  in  a 
region  where  it  is  preciselv  controlled  is  on  the  order  of 
;  25  feet 

The  Mini  Loran-C  chain  is  operated  and  con¬ 
trolled  by  the  L'.S  Coast  Guard  and  is  officially  under 
evaluation  and  test  status  The  demonstration  per¬ 
formed  at  the  St.  Marys  River  was  to  show  that  a  mam 
traffic  control  system  using  Loran-C  is  an  effective  wav 
to  control  the  passage  of  vessels  through  a  congested 
area. 

To  accomplish  that  objective,  the  system  must 
possess  a  high  level  of  precision  necessary  to  safely 
navigate  in  the  region  and  a  method  of  monitoring  the 
progress  of  vessels  in  the  area  from  a  central  location. 

In  the  demonstration  system,  the  precision  is 
shown  by  processing  signals  produced  by  the  Mini 
Loran-C  chain  and  displaying  position  data  on  board  a 
vessel,  and  a  remote  monitoring  function  is  shown  by 
sending  the  same  position  data  over  a  VHF  radio  link 
and  displaying  it  on  shore.  The  plot  of  display  on 
shore,  drawing  the  same  track  for  the  vessel  as  the  ship¬ 
board  plot  of  display  that  takes  the  position  data 
directly  from  the  Loran  receiver,  provides  a  real  time 
remote  record  of  the  vessel’s  progress. 

The  shipboard  Loran-C  Precision  Guidance 
System  was  first  installed  in  the  fall  of  l976aboardthe 
USCG  Cutter  Naugatuck,  a  1 10-foot  tug  operating  out 
of  Sault  Ste.  Marie,  Michigan.  Tests  were  performed 
to  calibrate  the  system  and  check  positional  accuracy. 
Additional  tests  were  performed  aboard  other  U.S. 
Coast  Guard  vessels  and  a  767-foot  Great  Lakes 
carrier. 
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During  Mini  Loran-C  demonstrations,  it  was 
determined  that  due  to  the  very  narrow  channels  in  t  he 
St.  Marys  River,  accuracy  within  25  feet  is  desired. 
Although  this  has  not  yet  been  achieved,  efforts  are 
continuing  to  find  accuracies  to  these  limits.  Several 
changes  were  made  m  the  graphic  display  mechanism 
and  mechanical  components  were  made  daring  the 
program  to  improve  the  Loran  and  its  gyrocompass 
processing. 


Alter  the  changes  the  test  system  was  installed  on 
the  USC'Ci  Mackinaw  for  its  winter  icebreaking  mis¬ 
sion  It  has  shown  some  ability  for  providing  useful 
guidance  information  for  navigation  in  restricted 
waterways.  In  addition.  ;hc  severe  v  ihrations  caused  by 
the  icebreaking  operation  of  the  Mackinaw  was  a  good 
test  of  the  system's  mechanical  ruggedness. 

Additional  operational  testing  is  required  to  tully 
ev aluate  the  system's  navigational  capability,  ability  to 
lollow  the  same  course,  and  accuracy  Irom  end  toend 
ol.thc  St.  Marys  River. 

Pre(  he  laser  ami  radar  aid  to  nu vi Italian  system 
(PI.  ASS  and  PR  A  VS)  tests 

The  Maritime  Administration  contracted  tor  the 
study  of  a  precise  all-weather  navigation  system  to 
evaluate  several  alternative  navigation  configurations 
lor  use  in  restricted  navigation  waters. 

The  objectives  of  the  test  program  were  to  acquire 
engineering  data,  verify  system  operation,  analyze 
operational  constraints  on  shipping,  and  to  assemble 
inlormation  pertinent  to  the  specific  needs  of  a  Great 
l  akes  all-weather  navigation  system  design.  The  con¬ 
tract  called  for  the  design  and  construction  of  a  hybrid 
shipboard  radar  laser  precise  navigation  system  which 
would  consist  primarily  of  laser  and  radar 
transmitter  receivers.  A  single  processing  computer,  a 
counter  and  a  display  unit  were  installed  on  a  test 


vessel.  Twenty-nine  retro-reflectors  and  four  laser 
retro-reflectors  were  installed  in  21  locations  on  the  St. 
Marys  River  in  a  34-mile  area  adjacent  to  Sault  Ste. 
Marie  to  establish  the  test  range,  and  provide  coverage 
for  12  channels. 

f  he  position  of  the  retro-reflectors  were  accurate¬ 
ly  surveyed  and-  incorporated  into  the  computer 
program  for  the  navigation  system. 

Optical  and  radio-frequency  ranging  techniques 
were  utilized,  employing  both  a  pulsed  laserand  a  puls¬ 
ed  radar  as  inputs.  A  computer,  an  ultra  high  speed  in¬ 
terval  timer  and  various  signal  conditioning  and  con¬ 
trol  circuits  were  integrated  to  provide  real  time  infor¬ 
mation  pertaining  to  the  vessel's  position  and  attitude 
in  the  narrow  channels.  The  output  displays  the  dis¬ 
tance  to  the  next  turn,  the  distance,  right  or  left  of  the 
channel  centerline,  the  angular  difference  between  the 
vessel's  heading  and  the  centerline  of  the  channel  and 
the  true  speed  over  the  bottom. 

Because  the  accuracy  of  the  laser  sub-system  had 
been  verified  during  laboratory  testing,  efforts  were  in¬ 
itially  concentrated  on  providing  an  accurate  radar 
system.  During  testing  of  the  system  problems  arose 
when  conditions  ot  poor  visibility  obscured  the  laser 
beams.  This  required  that  the  radar  mode  be  accurate 
in  order  to  satisly  the  all-weather  design  of  the  system. 
Due  to  this  deficiency,  the  decision  was  made  to  drop 
the  laser  mode  ol  the  system. 

Ihc  evaluation  ol  the  experimental  precise 
navigation  system  demonstrated  the  ability  ol  a 
computer-controlled  system  to  automatically  produce 
accurate  real-time  navigational  datu  tor  a  continuous 
series  ol  courses  through  restricted  waters.  Obser¬ 
vations  indicated  that  a  practical,  all-weather,  precise 
navigation  system  can  be  produced  utilizing  u 
dedicated  radar  integrated  with  a  mini-computer. 

An  internal  agency  decision  was  made  within 
MARAD  not  to  pursue  lurther  developmental  work 
on  PRANS  until  results  of  the  St.  Marys  River  Mini 
I  oran-C  chain  installation  could  be  judged,  because 
M  A  R  A  D  did  not  want  to  duplicate  efforts.  The  Winter 
Nav  i gallon  Board  did  notconsider  the  PR ANS  system 
and  the  l.oran-C  system  competitive.  The  PRANS  ac¬ 
tivity  was  transferred  to  the  St.  Lawrence  Seaway 
Development  Corporation  as  part  of  its  study  entitled. 
"Definition  ol  All-Weather  Navigation  Requirements 
lor  the  St.  Lawrence  Seaway." 

Development  ol  precise  all-sveatlier  aid  to  naviga¬ 
tion  v  raft'll!  (PA  WSS) 

The  formation  of  ice  in  the  St.  Lawrence  Seaway 
in  lute  fall  necessitates  the  removal  of  lighted  buoys. 


thereby  prohibiting  navigation  during  night  time  and 
periods  of  low  visibility.  To  meet  the  requirement  for 
extension  of  the  navigation  season,  and  to  increase  the 
Seaway  capacity,  the  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation  has  been  investigating  the  feasibility 
of  providing  a  precise,  all-weather,  electronic  naviga¬ 
tion  system  which  will  permit  operation  during  periods 
of  darkness  and  low  visibility. 

The  program  is  a  two-phase  study  which  includes 
(I)  a  system  engineering  study  to  determine  electronic 
navigation  accuracy  requirements  necessary  to  max¬ 
imize  Seaway  capacity  and  maintain  safety  standards 
and  (2)  demonstration  and  evaluation  of  several  elec¬ 
tronic  navigation  systems  in  the  Seaway  to  determine 
the  applicability  of  a  precise  all-weather  navigation 
system  to  the  Seaway. 

r  wo  separate  system  engineering  studies  were  per¬ 
formed  and  completed  during  FY  77-78.  The  first 
study  described  the  characteristics  of  the  Seaway,  iden¬ 
tified  the  high  accident  areas  and  established  re¬ 
quirements  for  vessel  guidance  and  i.:vigation  within 
the  Seaway.  The  second  study  developed  the  capacity 
versus  electronic  navigation  aid  accuracy  relationships 
for  Seaway  operations,  as  well  as  recommendations  for 
a  system  specification,  which  included  a  data  process¬ 
ing  and  display  system. 

During  FY  79.  a  navigation  demonstration  was 
conducted  on  the  Seaway,  using  modern  electronic 
navigation  equipment.  The  demonstration  facility  in¬ 
cluded  a  precision  reference  system,  two  positioning 
systems  (LORAN-C  and  RAYDIST-T).  and  a  data 
display  system. 


Precise  laser  aid  to  navigation  system  (PLANS). 


The  demonstration  data  allowed  refinement  of 
system  performance  specifications  initially  defined  in 
the  requirements  study.  The  section  of  the  Seaway 
between  Iroquois  and  Snell  Locks,  near  Massena.  New 
York,  was  selected  as  the  demonstration  area.  System 
performance  was  measured  with  conventional  survey¬ 
ing  techniques  as  well  as  with  an  electronic  precision 
reference  system  (Del  Norte  Trisponder).  A  data  ac¬ 
quisition  computer  processed  signals  received  from  the 
positioning  systems  and  from  the  precision  reference 
positioning  system  for  subsequent  analysis.  The  ship¬ 
board  display  graphically  provided  piloting  informa¬ 
tion  obtained  from  the  positioning  systems  and  the 
ship's  gyro.  The  display,  a  refinement  of  theequipment 
used  by  the  U.S.  Coast  Guard  in  the  mini  LORAN-C 
tests  at  the  Soo.  showed  the  ship's  location,  heading 
and  velocity  on  a  computer  generated  map  of  the 
Seaway  channel  which  included  shorelines  and  promi¬ 
nent  landmarks.  The  acquisition  system  is  collecting 
data  which  will  allow  a  comparison  of  the  dynamic 
positions  determined  by  the  demonstration  systems 
and  the  precision  positioning  system.  These  data  will 
provide  the  basis  for  the  statistical  evaluation  of  the 
demonstration  systems. 

Follon  -the-wire  guidance  system 

The  Coast  Guard  investigated  a  system  for  ship 
guidance  in  channels,  harbors  and  other  waterways  us¬ 
ing  a  magnetic  field  generated  by  undersea  cables.  The 
purpose  of  the  investigation  was  to  discover  a  short- 
range.  high-accuracy  system  which  would  be  effective 
under  low  visibility  conditions  and  would  not  be 
affected  by  high  winds  and  ice.  Such  a  system  could 
substitute  under  certain  limited  conditions,  for  buoys, 
which  are  easily  damaged  at  dry  dock  stations  by 
severe  winds  and  ice. 

The  wire  guidance  system  consists  of  an  electrical 
conductor  deployed  at  the  bottom  of  a  waterway, 
along  a  prescribed  course  or  channel.  The  water  is 
energized  with  a  low  frequency  alienating  electric 
current.  The  magnetic  field  created  around  the  wire  is 
detectable  by  using  a  wire  coil.  Two  such  coils  are 
mounted  perpendicular  to  each  other  and  are  applied 
to  the  vertical  and  horizontal  deflection  plates  of  an  os¬ 
cilloscope.  generating  an  elliptical  figure. 

The  figure  on  the  oscilloscope  rotates  in  accor¬ 
dance  with  the  lateral  position  of  the  craft  coil  with 
respect  to  the  wire.  This  phenomenon  allows  a  vessel 
with  a  properly  installed  system  to  accurately  follow 
the  course  of  the  wire  installed  on  the  bottom. 
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Grrof  Lafcrw  tux  assists  ore  carrier  in  ice. 


The  essential  feature  of  the  sensing  system  was  the 
fact  that  the  vertical  component  of  the  magnetic  field 
vanished  at  points  directly  above  the  cable,  whtch  was 
an  indication  of  desired  position.  The  results  of  the 
folloW-the-wire  investigation  were  sufficiently  promis¬ 
ing  to  warrant  further  investigation  leading  to  a 
prototype  installation. 

The  Coast  Guard  performed  field  trials  of  a 
follow-the-wire  system.  This  system  consisted  of  an 
e  Mrgized  cable  which  was  laid  for  four  miles  by  the 
Coast  Guard  cutter  Woodbine  at  the  bottom, of  the 
Mu.'.egon  Channel,  which  connects  lake  Michigan 
ann  Lake  Muskegon. 

rensors  and  display  equipment  were  mounted  on 
the  C-vast  Gurrd  cutter.  Results  of  the  t.  ‘Id  trials  again 
were  such  as  to  encourage  further  investigation  of  the 
system 

U  no  :s  amt  sponsorship  of  the  Corps  of  Engineers 
and  the  Coast  Guard,  a  two-step  project  to  design  and 
install  a  combination  air  bubbler  and  wire  guidance 
svsteni  was  '  iitiated  in  Whitefisn  Bay  This  particular 


installation,  however,  sought  to  determine  the  effec¬ 
tiveness  of  a  water  bubbler  system  under  shifting  ice 
conditions  ol  larger,  open  bodies  of  water  Although  a 
system  was  designed,  it  was  never  tested  as  it  was  deter- 
mined  that  this  system  was  not  as  effective  as  loran-C 
and  others. 


Laser  range  light 

The  laser  range  differs  from  a  conventional  range 
light  system  in  that  the  observer  does  not  have  a  direct 
view  of  the  light.  A  very  narrow  light  beam  is  aimed 
above  the  vessel  and  is  visible  due  to  a  scattering  of  the 
light  beam  from  minute  dust  or  precipitation  particles. 
The  beam  appears  sometimes  like  a  trolly  wire  in  the 
sky.  providing  an  accurate  lateral  alignment  of  the 
v  essel  within  the  channel.  The  laser  beam  could  be  seen 
clearly  under  clear  to  hazy  atmospheric  conditions, 
however,  the  beam  was  not  used  under  heavily  overcast 
conditions. 
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The  Mackinaw  at  work. 


The  Coast  Guard  designed  and  constructed  an  ex¬ 
perimental  single  station  laser  range  light  consisting  of 
a  one  million  candle  power  laser  and  an  8  inch  diameter 
focusing  lens  It  was  installed  on  Neebish  Island  to 
cover  Lake  Nicolet  Channel  in  the  St  Marys  River. 

The  laser  range  was  activated  remoteiv  from  the 
Coast  Guard  base  at  Sault  Ste  Mane.  In  order  to  con¬ 
serve  its  life,  the  laser  range  was  used  only  upon  request 
from  a  vessel  transiting  the  lower  Nicolet  west  range. 

The  laser  range  light  was  found  not  to  be  usable 
during  daylight  hours,  however,  it  was  extremely  visi¬ 
ble  at  night  Ship  operators  reported  the  system  may  be 
too  sensitive  for  mid-channel  use  While  it  was  possible 
to  position  a  vessel  under  the  beam,  a  person  on  either 
bridge  wmg  of  a  large  ship  could  get  the  impression 
that  tne  ship  is  far  off  the  beam  Further  research  is  re¬ 
quited  to  determine  the  usefulness  of  the  beam  under 


varying  atmospheric  conditionsand  what  the  optimum 
requirements  of  the  physical  components  of  the  system 
for  all-weather  use  would  be. 


let  and  weather  information 


U  S  Coast  Guard 

Operation  of  Ice  Navigation  Center:  Ice  informa¬ 
tion  activities  of  the  U.S.  Coast  Guard  during  the 
Demonstration  Program  included  operation  of  the  ice 
Navigation  Center,  aerial  reconnaissance  of  ice 
problem  areas,  and  remote  sensing  of  ice  conditions  on 
the  Great  Lakes  Ongoing  Coast  Guard  recon¬ 
naissance  activities  and  Ice  Navigation  Center 
operations,  initiated  pnor  to  the  Demonstration 


A  winter  t  nit’ll t  in  the  Straits  of  Mackinac. 


Steamer  moves  through  thinning  ice. 


Program,  were  improved  under  the  program.  Remote 
sensing  of  Great  Lakes  ice  conditions  was  undertaken 
as  a  joint  effort  by  the  Coast  Guard.  National  Weather 
Service,  National  Aeronautics  and  Space  Administra¬ 
tion.  and  Corps  of  Engineers. 

Established  one  year  prior  to  the  start  of  the 
Demonstration  Program,  the  Ice  Navigation  Center  in 
Cleveland,  Ohio,  o|'c rated  seven  days  a  week  each  year 
during  the  ice  season.  Personnel  at  the  Center  kept 
abreast  of  commercial  shipping  itineraries  and  the 
plans  of  all  Coast  Guard  icebreakers.  They  also 
scheduled  Coast  Guard  ice  -econnatssance,  collected 
and  disseminated  ice  information  to  interested  users, 
and  validated  and  transmitted  remote  sensing  imagery 
of  Coast  Guard  shore  stations  for  broadcast  to 
merchant  vessels. 

The  Ice  Navigation  Center  produced  an  ice  sum¬ 
mary  which  was  issued  approximately  three  times  a 
week.  In  addition,  the  latest  ice  forecast  and  outlook 
issued  by  the  National  Weather  Service  (NWS)  were 
relayed  by  the  Ice  Navigation  Center  for  broadcast 
from  Coast  Guard  shore  stations.  The  ice  sumrra.v 
was  passed  to  all  teletype-equipped  units  in  the  Nip 
Coast  Guard  District  and  mailed  to  vessel  agents 
high  resolution  telecopier  network  enabled  the 
transmission  of  remote-sensing  imagery  and  ice  charts 
to  the  NWS  Forecast  Office,  Ann  Arbor.  Michigan, 
and  Ice  Forecasting  Central  in  Ottawa,  Ontario. 
Canada.  An  information  package,  containing  remote 
imagery,  ice  charts,  a  daily  ice  summary  and  wind  and 
temperature  charts,  was  made  available  to  vessels  tran¬ 
siting  the  Soo  Locks 


Ice  sampling  by  Seaway  personnel. 
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Frazil  ice  in  Wlutefish  Bay. 
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Coast  Guard  helicopter  land s  on  r/ork  o/  icebreaker. 
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Aerial  reconnaissance  and  remote  sensing  of  ice 
londnums  A  system  for  monitoring  ice  conditions  on 
tne  Cireat  Lakes  and  providing  near-real  time  informa¬ 
tion  about  ice  location,  type  and  thickness  directly  to 
the  ships'  bridges  for  winter  navigation  was  developed 
at  the  National  Aeronauticsand  Space  Administration 
(NASA)  Lewis  Research  Center  at  the  request  of  the 


Winter  Navigation  Board. 

At  the  heart  of  the  system  is  a  side-looking  air¬ 
borne  radar  (S  L  A  R)  system  for  detecting  ice  cover  and 
type  regardless  of  cloud  cover.  The  Coast  Guard  air¬ 
craft  flew  over  the  Great  Lakes  three  or  four  times  a 
week  and  took  radar  readings  of  the  size  and  location 
of  ice  cover  on  the  Lakes 


As  the  aircraft  flies  over  the  approximate  center¬ 
line  of  the  body  of  water,  ice  data  are  taken  as  con¬ 
tinuing  data.  The  data  are  transmitted  in  real  time 
through  a  weather  satellite  operated  by  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA)  to 
a  ground  station  and  relayed  via  telephone  landline  to 
the  U.S.  Coast  Guard  Ice  Navigation  Center  at 
Cleveland,  Ohio.  The  SLAR  image  is  also  re¬ 
transmitted  to  the  NWS  Forecast  Office  in  Ann  Arbor 
for  use  in  ice  data  analysis  and  forecasting. 

Data  are  then  transmitted  via  a  VHF-FM  radio 
link  to  facsimile  recorders  on  board  the  ships  and  in 
shipping  company  offices.  This  process  allows  the 
ships  and  shipping  companies  to  obtain  a  map  of  type, 
location  and  extent  of  ice  in  the  entire  lake  within  two 
to  three  hours  after  the  aircraft  over-flight.  With  this 
map.  shipping  companies  can  dispatch  ships  with  safe 
assurance,  and  ship  masters  can  plot  safe  and  efficient 
courses. 

NOAA  weather  satellite  assistance  was  also  utiliz¬ 
ed  in  the  Demonstration  Program,  on  a  testing  basis, 
to  provide  ice  information.  The  satellite  was  part  of 
'Project  Ice  Warn'  by  the  NASA  Research  Center  at 
Cleveland.  The  project  coordinated  radar  readings 
taken  by  Coast  Guard  reconnaissance  aircraft  with 
routine  satellite  weather  picture  transmissions. 

Great  Lakes  Environmental  Research  Laboratory 

Ice  thickness  measurements:  The  Great  Lakes  En¬ 
vironmental  Research  Laboratory  (GLERL).  has  been 
collecting  data  and  performing  investigations  on  Great 
Lakes  ice  cover  since  1963.  The  purpose  of  these  in¬ 
vestigations  is  to  develop,  test,  and  improve  methods 
of  forecasting  and  controlling  the  effects  of  ice  and 
snow  on  navigation,  shorelines,  shoreline  structures, 
power  generation,  and  the  Lakes  themselves. 

GLERL  has  utilized  surface  and  aerial  recon¬ 
naissance  to  determine  ice  thickness  and  movement, 
and  effects  on  navigation.  A  component  .of  the 
National  Oceanic  and  Atmospheric  Administration 
(NOAA),  GLERL  maintains  ic,e  measurement  sites 
along  the  perimeter  of  the  Great  Lakes. 

These  sites,  selected  to  monitor  natural  ice  growth 
in  early-freezing  areas,  have  been  used  to  record  ice 
thickness  measurements  for  over  ten  winters  at  some 
locations.  Ice  measurements  were  made  regularly  dur¬ 
ing  the  extended  navigation  season  program  at  ap¬ 
proximately  33  locations,  1 1  of  which  were  established 
as  part  of  the  Demonstration  Program. 


Ore  carrier  Roger  Blough  and  Coast  Guard  cutter 
downhound  in  Lock  at  Son. 


Geologist  stores  ice  sample  cut  jrom  large  field. 
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Geolonists  cut  sections  of  ice  which  are  then  polished 
and  examined  with  polarized  Unlit. 


The  actual  number  of  sites  varied  from  winter  to 
winter,  depending  upon  the  funding  levels  and  upon 
the  availability  of  observers.  Data  from  selected  sites 
were  coded,  tabulated  and  transmitted  to  the  Coast 
Guard  Ice  Navigation  Center  at  Cleveland  for 
operational  use  at  intervals  throughout  the  winter. 

Air  and  water  temperature  measurements:  Air  and 
water  temperatures  constitute  two  of  the  basic 
parameters  needed  for  the  development  of  ice  forma¬ 
tion  and  ice  deterioration  forecasting.  Observation  of 
these  important  parameters  at  selected  river,  bav,  and 
harbor  locations  was  initiated  during  the  Winter 
Navigation  Program. 

Analog  air  water  thermographs  were  installed  at 
two  locations  on  the  St.  Marys  River  (Southern  West 
Neebish  Rock  Cut  and  DeTour  Village)  and  two 
locations  on  the  St.  Clair  River(AlgonacandSt.  Clair, 


Michigan).  These  instruments  were  installed  in  1972. 
Digital  punch  paper  tape  water  temperature  gauges 
were  installed  in  Duluth  Harbor  on  Lake  Superior,  in 
Green  Bay  and  at  Grand  Traverse  Bay  on  Lake 
Michigan  and  S'ginaw  Bay  on  Lake  Huron  in  1974. 
The  thermographs  on  the  St.  Marys  and  St.  Clair 
Rivers  were  removed  in  1976.  The  digital  gauges  on  the 
bay  and  harbor  sites  are  still  in  operation. 

Preliminary  analysis  of  data  has  been  staited  at  alt 
temperature  gauge  iocatiam,  but  instrument  prob.ems 
and  time  constraints  have  limited  the  editing  of  any 
further  analysis  of  thedata.  Additional  data  reduction, 
editing,  and  analysis  must  be  performed  before 
evaluations  can  be  made  dealing  with  the  application 
of  the  data  for  ice  formation  and  ice  deterioration 
forecasting. 

Bathythermograph  measurements:  An  important 
process  to  consider  in  the  development  of  short  or  long 
range  forecasting  of  ice  information  for  the  Great 
Lakes  is  the  amount  of  heat  stored  and  its  annual 
variations.  Accordingly,  in  winter  1972-73.  a  program 
was  initiated  to  measure  heat  storage  in  Lake  Superior 
during  the  extended  navigation  season.  Preliminary  in¬ 
vestigations  covering  20  cruises  over  four  winters 
(1972-76)  documented  heat  storage. 

Measurements  were  conducted  with  an  expen¬ 
dable  bathythermograph  system  carried  by  domestic 
vessels,  which  were  taking  part  in  the  extended  season 
program.  After  each  cruise,  data  were  forwarded  to  the 
National  Weather  Service  and  the  Ice  Navigation 
Center  for  incorporation  in  ice  forecasts.  An  assess¬ 
ment  of  current  ice  conditions  was  made. 

A  four-year  program  to  document  fall  heat 
storage  in  Lake  Superior  began  in  197b  As  in  the 
winter  program,  preliminary  field  data  are  made 
available  on  a  near-real-time  basis  to  the  National 
Weather  Service  and  are  used  in  making  operational 
long-range  ice  forecasts. 

Development  of  tet  forecasting  techniques:  The 
Great  Lakes  Environmental  Research  Laboratory 
(GLERL)  directed  research  in  ice  forecasting 
specifically  for  the  extended  navigation  program  in 
two  areas:  the  development  of  freeze-up  and  break-up 
forecasts  on  the  St.  Lawrence  River  and  the  develop¬ 
ment  of  special  daily  ice  forecasts  for  the  Little  Rapids 
Cut  of  the  St.  Marys  River.  The  ice  forecasting  techni¬ 
ques  developed  tn  the  areas  were  implemented  by  the 
National  Weather  Service. 
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U  inter  storm  mer  Great  Lakes  as  seen  from  satellite 


l  ong  range  freere-tip  forecasts  for  the  St.  In  addition  to  the  ice  forecast  study,  made 

1  uwience  Riser,  based  on  the  procedure  developed  at  specifically  for  the  winter  navigation  program. 

(il.CRI  .  were  initiated  hv  the  National  Weather  Ser-  GLERL  has  developed  a  technique  to  make  long-range 

vice  in  the  fall  ol  1975  Operational  forecasts  of  the  predictions  of  maximum  ice  extent  on  each  of  the 

piobabilitv  ol  ice  related  shore  problems  in  Little  Great  Lakes  GLERL  has  also  developed  a  techmque 

Rapids  C  ut  were  begun  in  the  1974-75  wmtet  season  to  make  forecasts  of  ice  thickness  in  a  specific  river. 

GLCRl  developed  a  model  to  predict  the  ice  breakup  bav.  or  harbor  location  on  the  Great  Lakes  The  results 

period  in  ‘he  St  I  awrence  River  The  ice  breakup  of  these  and  other  ice  forecasting  studies  are  available 

forecast  technique  is  used  to  allow  advanced  schedul-  in  National  Oceanic  and  Atmospheric  Administration 

,ny  ol  ocean  trade  vessels  into  the  system  (NOAA)  technical  memoranda  and  journal  articles. 
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Ice  build-up  on  skip. 


Data  collection  Jor  St.  Lawrence-Eastern  Ontario 
Commission  Shore  Structure  Study. 

National  Weather  Service 

Ice  forecasting:  The  Weather  Service  Forecast 
Office  (WSFO)  in  Ann  A'bor,  issues  ice  analyses, 
forecasts,  outlooks,  and  warnings  forall  the  Lakesand 
connecting  channels  above  the  Welland  Canal.  WSFO 
Buffalo  is  responsible  for  ice  forecasting  on  Lake  On¬ 
tario  and  the  upper  St.  Lawrence  River.  Buffalo  issues 
u  Freeze-up  Outlook  in  early  November  for  the  St. 
Lawrence  River  below  St.  Regis  Island.  Only  limited 
ice  forecasting  service  has  been  provided  for  Lake  On¬ 
tario. 

WSFO  Chicago  also  prepares  a  weather  synopsis 
for  the  Great  Lakes  and  two  hourly  storm  summary 
bulletins  when  conditions  warrant. 

Teletypewriter  messages  are  transmitted  on  the 
Great  Lakes  Marine  Weather  Circuit  for  broadcast  by 
Coast  Guard  and  commercial  facilities.  Ice  charts  are 
sent  to  the  Coast  Guard  Ice  Navigation  Center  in 
Cleveland  via  telecopier  and  are  also  disseminated  to 
users  by  commercial  radio-fascimile. 

The  following  products  issued  by  WSFO  Ann  Ar¬ 
bor.  cover  the  winter  operating  needs  for  pre-winter 
and  post-winter  planning,  for  short  range  decision¬ 
making.  and  for  long  range  navigational  planning: 

Teletypewriter  Products  - 

a.  Freeze-up  Outlook.  Issued  the  1st  and 
15th  of  November  and  thereafter  until 
general  ice  cover  stabilizes.  Departure  from 


normal  freeze-up.  water  temperatures,  sum¬ 
mary  of  NWS  30-day  weather  outlook. 

b.  Great  Lakes  Ice  Forecast.  Current 
weather  synopsis  and  ice  conditions  plus  24 
to  30  hour  forecast  of  winds,  temperatures, 
ice  coverages:  issued  daily  at  1600  EST. 

c.  Great  Lakes  Ice  Outlook.  Similar  to 
forecast  except  covers.  3  to  5  day  periods: 
issued  daily  at  1030  EST. 

d.  Ice  Watch  Bulletin.  Issued  when 
necessary  to  alert  users  to  initial  ice  forma¬ 
tion  or  expected  worsening  of  conditions 
over  the  next  several  days  for  key  areas. 

e.  Ice  Warning  Bulletin.  Issued  when 
necessary  to  warn  of  rapid  (24-hour)  change 
in  conditions  having  a  significant  effect  on 
navigation  or  when  severe  conditions  are  pre¬ 
sent  but  not  known. 

f.  Break-up  Outlook.  Issued  in  early  March. 
Natural  vs.  icebreaker  assisted  opening  of 
navigation,  temperature  outlook,  winds,  ice 
deterioration,  weather  synopsis. 

Facsimile  Products  - 

a.  30-day  Ice  Outlook.  Issued  twice  month¬ 
ly  starting  early  November.  Portrays 
schematic  percentage  of  expected  ice  cover, 
h.  90-da v  Ice  Outlook.  Issued  December  I . 
Same  information  as  above. 

c.  he  Analysis.  Issued  three  times  a  week  in 
early  afternoon.  Extent  and  distribution  of 
ice  cover,  type,  thickness,  movement. 

d.  Wind  and  Temperature  Forecast.  24  and 
36  hour  charts  of  isotherms,  wind  speed  and 
direction,  highs,  lows  and  fronts,  valid  0700 
EST  and  1900  EST  the  following  day.  Issued 
daily  at  noon. 

A  NWS  forecaster  was  stationed,  during  the 
program,  at  the  Coast  Guard  Ice  Navigation  Center  in 
Cleveland  as  liaison  with  the  Ninth  District  HQ.  This 
individual  advises  the  Coast  Guard  on  weather  and  ice 
conditions  relative  to  ice  breaker  activities:  analyzes  ice 
data  acquired  from  ground,  satellite  and  Side  Looking 
Airborne  Radar  observations:  coordinates  daily  with 
ice  forecasters  at  WSFO  Ann  Arbor:  and  disseminates 
information  to  shipping  interests. 

A  major  component  of  the  National  Weather  Ser¬ 
vice  dissemination  system  for  marine  services  in  the 
Great  Lakes  is  the  Great  Lakes  Marine  Weather 
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Teletypewriter  Circuit,  created  during  the  Demonstra¬ 
tion  Program  on  a  test  basis,  by  extending  and  con¬ 
solidating  several  smaller  pre-existing  systems.  This 
circuit  connects  all  WSFO’s,  many  Weather  Service 
Offices,  the  Ice  Navigation  Center,  the  appropriate  of¬ 
fices  of  Environmental  Canada,  the  5reat  La-  s 
Marine  Radio-telephone  stations  and  private  sub- 
sciibers.  Messages  are  exchanged  year-round  between 
the  circuit  and  the  Coast  Guard  Communications 


system  at  the  Ice  Navigation  Center. 

Weather  observations  transmitted  on  this  circuit 
include  (I)  ship  observations  gathered  by  commercial 
marine  radio  telephone  stations.  (2)  observations 
gathered  on  the  Ninth  Coast  Guard  District  com¬ 
munications  system,  and  (3)  observations  from 
automatic  stations  interrogated  by  NWS  offices 
around  the  Lakes. 


i. 


Coast  Guard  Albatross  photographed  above  Straits  of 
Mackinaw  during  ire  reconnaissance  flight 


Corps  of  Engineers  II inter  Navigation  Reporting  Center:  The  Detroil 

District.  Corps  ol  Engineers  operated  the  Winter 
he  surveillaiue  Ice  surveillance  aclivmes  on  the  Navigation  Reporting  Center  for  the  last  three  years  ol 

M  M.iivs  River,  the  St  Clair-Detroit  Rivers  System.  the  program  Daily  reports  were  compiled  containing 

and  the  eastern  end  of  Lake  Erie,  were  conducted  dir  the  following  information  weather  conditions  in  the 

ing  die  Demonstration  Program  by  the  Corps  of  Great  Lakes  urea,  detailed  ooo  area  weather;  lockages 

Engineers  at  the  Soo  Locks,  vesselstransiting  the  St  MarysRiver 

System;  identification  of  vessels  requiring  Coast 
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Guard  assistance;  ferry  operations  at  Drummond, 
Sugar  and  Lime  Islands  in  the  St.  Marys  River  and 
Harsens  Island  in  the  St.  Clair  River:  Coast  Guard 
operations  on  the  Great  Lakes,  i.e.,  icebreaking 
assistance;  and  potential  flooding  problems  due  to 
winter  navigation  operations. 

This  information  provided  an  overview  of  ice  con¬ 
ditions  on  the  Great  Lakes  as  well  as  helping  to  spot 
and  prevent  or  alleviate  problems  with  ferry  transpor¬ 
tation.  flooding  due  to  ice  jams  and  vessel  movement. 

Ice  thickness  measurements:  Activities  on  the  St. 
Marys  River  included  ice  thickness  measurements 
throughout  the  winter  at  six  locations  between  the  Soo 
Locks  and  Lake  Nicolet.  These  sites,  used  for  ice 
measurements  since  1968,  provide  a  good  measure¬ 


ment  for  the  comparison  of  ice  seasons.  Observations 
were  forwarded  to  the  Ice  Navigation  Center  to 
provide  updated  information  on  ice  conditions  for 
both  the  Coast  Guard  and  for  commercial  vessels. 

Ice  thickness  measurements  were  taken  in  con¬ 
junction  with  ice  movement  measurements  at  sites 
between  Soo  Harbor  and  DeTour  Passage.  Marks 
were  placed  at  measured  distances  in  the  ice  and 
monitored  for  the  type  and  rate  of  lateral  displace¬ 
ment. 

Bi-weekly  ice  thickness  and  ice  characteristic 
measurements  were  taken  at  selected  sites  in  the  South 
Channel  of  the  lower  St.  Clair  River  to  study  ice 
growth  patterns.  Ice  movement  studies  were  also  con¬ 
ducted  using  dye  and  wood  targets  on  the  ice  jam  area 
to  determine  effects  of  ship  passage. 


,r 


Replica  of  ore  carrier  moves  downbound  throuph 
main  Galop  ire  boom  in  St.  Lawrence  River  ice 
model. 
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The  Scan  <itj  Corporation  \  ire  breaking  lag.  Robin¬ 
son  Buv 


Time-lapse  photography:  Ice  formation  and 
movement  in  the  Soo  Harbor  were  monitored  by  a 
time-lapse  movie  camera  installed  in  tnc  300  foot  high 
Observation  Tower  that  overlooks  the  Soo  Harbor,  as 
well  as  in  a  Coast  Guard  tower  upstream  of  the  Sugar 
Island  lerry  crossing  This  camera  provided  excellent 
coverage  of  ferry  crossings  at  Little  Rapids  Cut.  and 
documents  ice  conditions  occurring  the  vears  before 
and  during  the  St.  Marvs  River  navigation  tee  boom 
demonstration 

This  film  record  was  valuable  in  determining  the 
amount  of  ice  that  bleeds  through  the  navigation  gap  in 
the  St.  Marys  River  ice  boom.  Also  observed  was  the 
cflecttve  use  of  icebreakers  to  break  an  ice  tarn  tn  the 
Cut  that  was  a  threat  to  ferry  operations  Cameras 
remained  in  operation  throughout  the  ice  season 

A  similar  camera  installation  was  located  at 
Del  our.  Michigan  to  record  ice  conditions  across 
Del  our  Passage  at  the  Drummond  Island  ferry  cross¬ 
ing.  and  the  possible  effect  of  winter  navigation  on  the 
area  with  regard  to  the  ferry  crossing  site 
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I  fata  acquisition  and  surveillance  on  the  St.  Clair- 
I  )eu on  Rivers  System  were  also  conducted  during  the 
Demonstration  Program  Time-lapse  photography 
was  utilized  to  document  ice  conditions,  particularly 
the  results  ol  vessel  passage  through  the  tec  bridge  in 
I  ake  Huron  at  the  head  of  the  St.  Clair  River. 

Aerial  photography:  Aerial  photography  was 
utilized  to  provide  documentation  of  ice  conditions  on 
the  St  Marys  River  and  to  monitor  ice  conditions  in 
critical  areas  of  the  navigation  channel.  Regularly 
scheduled  flights  were  flown  in  support  of  Corps  of 
engineer's  ice  surveillance  activities  on  the  St.  Marys 
River  The  proicct  has  proved  to  be  one  of  the  best 
means  lor  documenting  ice  conditions,  ice  fractures, 
and  ice  problem  areas  over  the  entire  river  system. 

Aerial  photography  was  also  used  to  survey  and 
document  ice  conditions  in  critical  areas  throughout 
the  Great  l.akes-St  Lawrence  Seaway  System  Ice 
charts  of  ice  coverage  in  the  system  between  Lake 
Huron  and  Lake  Erie  were  prepared 
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Si.  Lawrence  Seawov  Development  Corporation 

Ice  surveillance  and  monitoring  of  St.  Lawrence 
River:  The  St.  Lawrence  River  i.ce  and  weather  data 
collection  program  began  in  the  fall  of  1971  and  has 
continued  throughout  the  program.  It  has  comprised 
the  application  of  a  wide  range  of  available  techniques 
for  documentation  of  winter  conditions  as  well  as  the 
development  of  modified  techniques  to  address  special 
problems.  The  program  was  directed  toward  filling 
data  gaps  and  complementing  the  data  collection  ef¬ 
forts  of  other  agencies. 


Ice  coverage  was  documented  by  vertical  aerial 
photography  flown  on  approximately  one  week  inter¬ 
vals.  with  more  frequent  coverage  during  the  ice  for¬ 
mation  and  break-up  periods.  This  coverage  was 
supplemented  by  aerial  reconnaissance  and  oblique 
aerial  photography,  as  well  as  by  time-lapse 
photography  in  selected  locations. 

A  limited  program  of  ice  thickness  measurements 
was  undertaken  to  supplement  the  extensive  network 
of  ice  measurements  taken  each  winter  by  the  Cana¬ 
dian  St  Lawrence  Seaway  Authority.  Radar  and 
manual  profiling  of  the  ice  in  the  Cardinal  to  Wad- 
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The  Edisto  is  shown  unbound  at  Sugar  Island  Ferry 
lane  at  Little  Rapids  Cut  during  19/2  demonstration 
tests. 


dington  area  was  accomplished  to  document  the  hang¬ 
ing  dams  which  occur  in  that  reach  of  the  River. 

An  ice  marking  and  monitoring  study  was  per¬ 
formed  to  refine  techniques  for  monitoring  ice  move¬ 
ment.  These  were  utilized  in  the  Copeland  Cut  test 
boom  project  and  at  Ogden  Island. 

Recording  and  telemetering  thermographs  were 
installed  at  three  locations  to  provide  input  data  for 
navigation  season  closing  decisions  and  for  support  of 
ice  forecasting  activities.  Two  supplemental  automatic 
weather  stations  were  installed  in  cooperation  with  the 
National  Oceanic  and  Atmospheric  Administration- 
Great  Lakes  Environmental  Research  Laboratory 
(NOA  A-GLER  L)  to  provide  data  on  the  climate  at  the 
river. 

A  shore  erosion  /  shore  structure  damage  monitor* 
irig  program  was  carried  out  for  the  final  four  years  of 
the  program.  The  U.S.  shoreline  was  mapped,  and 
shoreline  and  structures  were  classified  in  terms  of  the 
potential  for  ice  impacts.  Selected  structures  and 
erosion-prone  areas  were  monitored  photographically 
and  with  surveying  equipment  to  provide  baseline  data 
on  natural  ice  impacts. 


Safety/survival 


Survival  equipment  development  and  tests 

Attempts  to  assess  the  adequacy  of  shipboard  es¬ 
cape  and  survival  systems,  and  to  identify  areas  where 
improvements  are  needed,  were  initiated  by  the  Coast 
Guard  at  the  request  of  the  Winter  Navigation  Board 


Initial  efforts  were  made  in  the  direction  of  a 
systematic  study  to  define  the  problems  and  to  in¬ 
vestigate  the  effectiveness  of  various  solutions. 

The  primary  areas  of  survival  investigation  in¬ 
cluded  individual  exposure  protection,  group  ex¬ 
posure  protection,  distress,  alert  and  detection 
enhancement,  and  an  overboard  alarm  system. 

Investigations  included  a  prototype  constant  ex¬ 
posure  jacket  (developed  by  the  Naval  Air  Develop¬ 
ment  Center),  an  enclosed  survival  module,  and  the 
determination  of  survival  times  in  cold  water  while 
wearing  typical  seaman's  winter  clothing. 

A  private  laboratory  was  contracted  by  the  Coast 
Guard  to  study  the  requirements  for  survival  on  the 
Great  Lakes  and  to  evaluate  the  application  of  survival 
suits  to  crew  survival. 

The  study  was  designed  to  produce  four  out¬ 
puts.  ( I )  the  environmental  conditions  which  must  be 
satisfied  in  the  design  of  any  survival  system  or  equip¬ 
ment;  (2)  the  functional  or  performance  requirements 
which  must  be  satisfied  by  such  survival  systems  and 
equipment,  (3)  test  plans  for  the  evaluation  of  survival 
systems  and  equipment;  and.  (4)  identify  areas  where 
inadequacies  exist  ard  additional  development  and 
research  efforts  are  needed. 

Through  the  use  of  simulation  and  computer 
models,  specific  requirements  were  established.  The 
problem  of  immersion  hypothermia  (lowered  body 
temperature)  to  Great  Lakes  casualty  victims  and  the 
lack  of  a  suitable  alternate  to  the  use  of  exposure  suits, 
led  to  the  investigation  of  the  life  saving  potential  of  ex¬ 
isting  and  specially  designed  personnel  exposure  suits. 

Survival  time  due  to  exposure  to  cold  was  deter¬ 
mined.  For  the  normal  range  of  temperatures  of  lake 
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water  (32°  -  55°  F).  these  times  are  quite  short.  In  32°  - 
33° F  water,  the  expected  time  of  survival  without 
special  protection  in  water  is  from  1 5  to  45  minutes  In 
40°  -  50°  F  water  the  range  is  from  one  to  three  hours. 

The  initial  shock  via  entry  olten  incapacitates  many 
victims. 

In  the  study,  hazards  were  identified  and  solutions 
were  evaluated  including  the  evaluation  of  a  variety  ol 
commercially  a\  ailable  suits.  T wo  suits  which  are  com¬ 
mercially  available  appeared  suitable  for  use  in  that 
they  provided  complete  coverage  lor  the  body  and  ex¬ 
tremities.  leaving  only  the  face  exposed.  Some  2K0  ex¬ 
posure  suits  were  distributed  to  vessel  crews  par¬ 
ticipating  in  the  extended  season  activity. 

Intormation  describing  the  latest  techniques  lor 
cold  water  survival  has  been  published  and  distributed 
to  crew  members  of  vessels  engaged  in  winter  naviga¬ 
tion. 

Detection  te.st.s 

Activities  in  detection  enhancement  included  an 
exercise  in  which  Coast  Guard  personnel  were  set 
adrilt  on  a  raft  in  Lake  Huron.  This  demonstration 
siicccsslullv  utilized  radar  transponders  and  other 
equipment.  F.mergencv  Position  Indicating  Radio 
Beacons  (EPIRB's)  were  also  extensively  tested, 

\  "vlan  Overboard  Detection  and  Location 
System"  was  undertaken  hv  the  Coast  Guard.  A 
teasibihtv  study  indicated  that  there  were  several 
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systems  that  could  be  initiated.  The  system  that 
appeared  to  lunction  best  was  developed  into  a 
proto’, vpe.  Lnderthesvstemevaluated.each  person  on 
a  vessel  would  wear  a  radio  transmitter  with  a  self- 
contained  antenna  which  would  begin  to  operate 
automaticallv  by  means  ol  a  water  activated  switch 
whenever  the  wearer  entered  the  water.  A  special 
leceiver  on  the  bridge  ol  the  vessel  would  sound  an 
aim m  when  the  signal  was  received.  The  transmitter 
signal  then  could  he  used  asa  homing  dev  ice  to  locate 
the  peivm  in  the  water. 

Siller.,  w tii  vtil  eqntinneni  wintertime  training 

I  laming  in*iv„  useol  safety  survival  equipment  is 
the  continuing  responsibility  ol  the  vessel  owner  and 
the  master 

I  he  Maritime  Administration’s  Great  Lakes 
Region  Oltiee,  requested  to  assess  these  training  needs, 
communicated  with  maior  lakeship  operators,  seafar¬ 
ing  unions,  pilots’’  associations,  mining  companies. 
Great  Lakes  shipping  associates  and  other  Federal 
agencies  These  groups  were  asked  to  provide  com¬ 
ments  and  recommendations  relevant  to  a  viable 
assessment  ol  pilot  masters  training  needs.  The 
questions  that  were  posed  to  survey  recipients  were 
direct,  simply  presented  and  to  the  point.  They 
were  Is  this  training  essential  and  valuable?  When 
should  we  undertake  an  administrative  program’Who 
should  participate  u>  this  training  phase?  Would  you 
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support  this  program?  How  should  these  classes  be 
funded0  What  do  you  consider  an  adequate  training 
period? 

Response  to  the  survey  indicated  a  consensus  in 
favor  of  a  continuation  of  "on  the  job"  training  in  order 
for  operators  to  provide  qualified  and  competent 
masters  and  pilots  to  man  vessels  during  the  extended 
navigation  season. 

Communhattort  tests 

The  high  level  VHF-FM  communications  system 
has  been  developed  and  is  in  current  use  by  the  Coast 
Guard  throughout  the  Great  Lakes. 


Levels  and  flows 


St  Marys  River 

A  series  of  water  level  gauges  were  installed 
between  Soo  Harbor  at  Sau'lt  Ste.  Mane,  Michigan 
and  Ontario  and  the  lower  end  of  West  Neebish 
Channel  and  were  monitored  by  telephone  or  visual  in¬ 
spections  each  day  and  subsequently  plotted  to  form  a 
hvdi  ograph.  The  purpose  of  this  activity  was  to  aid  in 
the  early  detection  of  ice  jams  as  well  as  to  study  the 
effects  of  wind  and/or  ship  passage  on  lower  levels. 
Because  ice  jam  blockage  can  be  monitored  as  up¬ 
stream  levels  rise,  the  opportunity  develops  to  provide 
flood  alerts  or  break  up  the  ice  jam. 


A  study  was  undertaken  on  the  St.  Marys  River  to 
help  stabilize  the  ice  cover  in  Soo  Harbor  and  to  reduce 
the  volume  of  ice  that  entered  the  Little  Rapids  Cut.  A 
hydraulic  scale  model  of  the  harbor  and  upper 
channels  around  Sugar  Island  was  designed  and  con¬ 
structed  to  duplicate  existing  flow  patterns  and  ice  con¬ 
ditions. 

Baseline  data  utilized  aerial  photos,  time-lapse 
photos,  ice  thickness  measurements,  water  level 
hydrographs  and  meteorological  data  Flow  pattern 
studies  and  other  hydrological  data  were  collected  as 
needed  to  aid  in  the  model  calibration.  The  model  was 
utilized  in  testing  various  ice  boom  arrangements  and 
other  ice  stabilizing  concepts  'hat  would  permit  ship 
movement  and  still  allow  for  stable  harbor  ice. 

Flow  discharge  measurements  were  taken  in  the 
St.  Marys  River  in  two  channels  around  Sugar  Island 
to  detect  the  effect  of  iccjamson  flow  distribution,  and 
an  operational  plan  to  reduce  flood  risk  was  developed 
and  issued  to  all  participating  agencies. 

Two  ice  booms  with  a  250  foot  navigation  opening 
between  them  were  installed  at  the  outlet  of  the  harbor 
to  stabilize  the  ice  flow  in  the  harbor  during  the  winter 
of  1975-76.  The  location  and  lengths  of  the  booms  had 
been  determined  previously  by  the  model  tests  describ¬ 
ed  above.  Forces  in  the  upstream  end  of  the  ice  boom 
structure  were  monitored  throughout  the  winter  by  six 
underwater  sensors,  three  in  each  boom.  Forces  were 
recorded  and  supplemental  data  on  ship  passages,  ice 
conditions,  meteorological  conditions,  water  flow  and 
water  levels  were  also  taken 

The  booms  proved  to  be  highly  effective  in  retain¬ 
ing  broken  ice  in  the  harbor  while  allowing  ships  to 
transit.  The  booms  on  both  sides  stabilized  the  ice  field 
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and  presented  it  Irom  drifting  and  jamming  into  the 
Little  Rapids  Cut. 

Occasionally,  the  ice  sheet  between  the  navigation 
channel  and  the  U  S  shoreline  would  break  away  and 
pivot  or  override  the  west  boom,  causing  high  stress  in 
the  boom  cable.  Strain  gauges  attached  to  the  cable 
monitored  the  stress,  which  was  reported  on  a  strip 
chart  recorder  located  in  a  heated  shelter  near  the 
boom  installation.  On-site  observers  helped  dillcrcn- 
tiate  between  natural  and  ship-induced  elfects. 

Temporary  rock-lilled  structures,  which  were  in¬ 
stalled  upstream  ol  the  west  boom  to  prevent  the  ice 
sheet  Irom  pivoting  away  from  the  shoreline  and 
loading  ihe  west  boom  were  quite  effective. 

I  he  value  at  ice  booms  and  rock  Tilled  structures 
has  been  demonstrated,  since  these  structures  were  in¬ 
stalled.  there  have  been  no  major  disruptions  to  terry 
service  due  i  >  ice  backup  as  previously  experienced. 

Held  investigations  and  photography  wereetlec- 
tive  in  determining  and  documenting  data  on  move¬ 
ment  ol  ice  Additionally,  thev  were  used  todistinguish 
between  ice  movement  related  to  ship  transits  as  op¬ 
posed  to  ice  movement  caused  by  natural  conditions 
Held  data  such  as  ice  thickness  measurements,  and 
meteorological  data  were  prov  ided  to  the  Ice  Naviga¬ 
tion  Center  lor  their  lorecasting  use. 

Si  Clan -Detroit  Rivers  System 

As  part  ol  the  Detroit  District  Corps  ol  Engineers 
ongoing  activities  a  data  collection  program  was 
operated  in  this  system  to  observe  and  document  ice 
and  water  level  conditions  during  each  year  of  the 
Demonstration  Program 


Water  levels  were  monitored  at  strategic  locations 
along  both  the  St.  Clair  and  Detroit  Rivers  Levels 
were  plotted  at  three  hour  intervals  along  with  perti¬ 
nent  wind.  ice.  temperature,  and  ship-related  data  to 
belter  interpret  theellectsol  water  level  change.  Water 
levels  at  kev  gauge  locutions  were  also  monitored 
several  times  each  day  via  telephone-reporting  gauges 
and  plotted  lor  early  detection  ol  ice  jams. 

When  ice  iams  were  detected  I  hv  observ  ing  the  rise 
in  upstream  levels  and  the  lowering  ol  levels 
downstream  ol  the  jam),  the  National  Weather  Service 
and  the  l1  S.  Coast  Guard  were  noiilied  ol  potential 
Mood  conditions. 

\  plan  ol  action  was  developed  lor  each  nvei  that 
involved  the  close  monitoring  ol  levels  and  ice  con¬ 
ditions  via  aerial  and  ground  observations  More 
sei ions  iams  required  icebreaker  passage  through  the 
tain  area  in  an  attemp'  to  break  up  the  ice  constriction. 

Weekly  aerial  photographs  were  taken  ol  the  St. 
Clair-Dctroit  Rivers  Sv  stem  to  document  the  changing 
ice  conditions  and  patterns  in  order  to  better  interpret 
ihe  cllect  ol  ice  on  levels.  Hows,  and  restrictions  to 
winter  navigation 

A  time-lapse  movie  camera  was  installed  each 
winter  in  the  Fort  Gratiot  l  ighthouse  to  document  the 
volume  ol  broken  ice  that  enters  the  St.  Clair  River  In 
addition,  it  iccorded  the  periodic  lormation.  breakup, 
and  cllect  ol  ship  passage  through  the  icearch(bridge) 
that  lorms  across  the  river  entrance. 

Natural  wind  action  and  vessel  movement  at  the 
head  ol  the  St.  Clair  River  has  disrupted  the  stable  ice 
bridge  which  lorms  above  the  entrance  to  the  river.  A 
two  part  model  study  is  being  performed  to  determine 
the  most  ellcctive  type  and  location  of  an  ice  control 


Location  of  ice  booms,  Ogdensburg-Prescott  area  of  St.  Lawrence  River. 


structure  to  be  placed  in  that  location  in  order  to 
stabilize  the  ice  cover. 

The  model  study  includes  a  hydraulic  study  and  a 
wind  stress  study.  The  models  have  been  designed, 
built,  and  calibrated  based  on  actual  field  data 
collected  in  the  area.  The  model  study  is  scheduled  to 
be  completed  in  the  latter  part  of  i?79. 

A  contingency  plan  was  developed  for  each  river 
involving  close  observation  of  changing  levels  and  ex¬ 
isting  ice  conditions.  Close  liason  was  maintained  with 
the  Coast  Guard  and  National  Weather  Service  to 
analyze  imminent  problems  and  decide  upon  the  best 
course  of  action  to  reduce  any  flood  threats. 

St.  Lawrence  River 

Substantial  improvements  in  the  existing  ice  con¬ 
trol  systems  in  the  St.  Lawrence  River  will  be  required 
before  any  significant  extension  of  the  "navigation 
season  is  possible.  Required  Canadian  improvements 
are  being  addressed  by  the  St.  Lawrence  Seaway 
Authority  of  Canada.  In  the  International  portion  of 
the  river,  the  major  required  improvements  are  in  the 
International  Rapids  Section,  between  Ogdensburg 
and  Waddington,  New  York. 

Initial  efforts  by  the  St.  Lawrence  Seaway 
Development  Corporation's  (SLSDC)  program  in  the 
first  two  years  of  the  program  were  directed  at  install¬ 
ing  and  testing  a  movable  gate  in  the  Ogdensburg- 
Prescott  ice  boom,  which  crosses  the  navigation 


channel.  Concerns  of  the  power  entities  precluded 
anything  but  open  water  testing  of  this  modification. 

At  the  same  time,  SLSDC  contracted  for  a 
systems  analysis  of  St.  Lawrence  River  season  exten¬ 
sion.  This  study,  entitled  System  Plan  for  All-Year 
Navigation  (SPAN)  identified  constraints  to  extended 
season  navigation  between  Montreal  and  Lake  On¬ 
tario  and  proposed  three  levels  of  alternatives  for 
removing  those  constraints,  in  15  weekly  increments, 
to  permit  navigation. 

It  also  provided  a  benefit .  cost  analysis  for  each  of 
the  45  alternatives  examined.  The  study  addressed  the 
need,  in  addition  to  ice  control  improvements,  for  a 
precise  all-weather  navigation  system,  for  vessel 
capability  criteria,  for  icebreaking  and  special  channel 
clearing  devices,  and  for  improvements  at  the  locks. 
SPAN  provided  the  basis  for  focusing  subsequent 
demonstration  activities. 

Following  these  efforts,  a  demonstration  ice 
boom  for  extended  season  navigation  was  designed  for 
the  Ogden  Island  area.  Asa  result  of  input  from  other 
agencies,  the  decision  -"as  made  to  transfer  the  test  to 
the  Copeland  Cut  area  of  Lake  St.  Lawrence  on  the 
W  iley-Dondero  Canal  just  above  Massena.  New  York. 
This  studv,  completed  in  1975.  demonstrated  the 
technical  feasibility  of  maintaining  a  stable  ice  cover 
behind  a  boom  while  navigating  through  it. 

The  focus  then  shifted  back  to  a  demonstration  of 
the  feasibility  o(  commercial  navigation  through  the 
booms,  which  the  power  entities  install  across  the 
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Sketch  of  ice  boom  in  position. 


Sketch  shows  ice  boom  construction. 


navigation  channel  at  Ogdensburg-Prescott  and  Galop 
Island.  This  was  accomplished  in  a  phased 
hydraulic  icc  model/design  effort  which  first 
yalihrated  the  technique  for  modeling  ice  boom  loads 
in  undistorted  and  distorted  scale  models  of  f he 
Copeland  Cut  test  boom.  The  next  study  was  done  on 
the  Stillwells  Point  to  Red  Mills.  New  York,  reach  of 
the  riser,  in  which  the  power  entity  booms  are  in¬ 
stalled.  The  study  report  entitled  the  1978  *St. 
Lawrence  River  Ice  Bo  am  Modification  Study.' 
presented  the  results  of  .mproving  the  existing  ice 
booms  in  the  International  portion  of  the  St.  Lawrence 
River  to  provide  for  extended  season  navigation.  The 
study  objective  was  to  assess  the  impact  of  ships 
navigating  through  the  river  in  the  winter  on  the 
regulation  of  Lake  Ontario  outflows  and  the  environ¬ 
ment  along  the  river.  The  study  concluded  that  the 
Ogdensburg-Prescott  and  Main  Galop  Booms  can  be 
modified  to  permit  winter  ship  transits,  that  they  will 
maintain  the  stability  of  the  ice  cover  behind  these 
booms,  and  that  they  will  have  negligible  impact  on  t  he 
levels  and  llows  of  the  St.  Lawrence  River,  Lake  On¬ 
tario.  and  power  production  at  the  Moses-Saunders 
power  dam.  This  effort  resulted  in  designs  for  a 
proposed  ice  boom  demonstration  and  in  designs  for 
an  ice  control  system  which  would  allow  all-year 
navigation  in  this  reach  of  tne  river. 

The  actual  demonstration,  involving  a  modifica¬ 
tion  ot  Galop  and  Ogdensburg-Prescott  ice  booms  to 
provide  an  opening  through  which  limited  vessel  tran¬ 
sits  could  take  place,  did  not  occur.  This  was  due  to 


strong  environmental  objections  by  the  State  of  New 
York  and  limited  time  constraints  of  the  Demonstra¬ 
tion  Program  authorization.  Additional  controversy 
arose  as  to  the  protected  effects  of  such  a  test  on  the 
levels  ol  LakcOntanoand  flows  associated  with  the  St. 

I  awruice  River.  Theoretical  mathematical  studies 
were  pcrlormed  by  the  Corps  of  Engineers,  the  New 
York  Department  of  Environmental  Conservation  and 
the  St.  Lawrence  Seaway  Development  Corporation. 

I  hese  three  studies  yielded  varying  results. 

An  additional  study  was  then  undertaken  by  the 
Corps  of  Engineers  to:  (I )  describe  in  detail  each  of  t  he 
previous  methods  analyzed  to  compute  impacts:  and 
(2)  establish  and  coordinate  a  set  of  criteria  and 
parameters  for  the  test  and  compute,  using  those 
criteria,  a  best  estimate  of  the  expected  impacts  on 
levels  and  llows. 

Based  on  the  results  of  thestudy.  it  was  concluded 
that  the  St.  Lawrence  River  ice  boom  demonstration 
would  have  no  impact  on  the  water  levels  of  Lake  On¬ 
tario.  no  impacts  on  the  flows  of  the  St.  Lawrence 
River,  and  would  not  reduce  the  average  water  level  of 
Lake  St.  Lawrence  by  more  than  approximately  one- 
hall  toot  It  was  also  concluded  that  these  results  were 
conservative  because  of  the  data  (excessive  ice  release 
volume  per  ship  passage)  used  in  the  analysis. 

The  State  ol  New  York  maintained  its  position 
that  any  impacts  occurring  were  unacceptable,  and 
claimed  that  the  state-of-the-art  of  mathematical 
models  was  not  developed  to  an  extent  that  accurate 
predictions  could  be  made. 


91 


Navigation  locks 


Methods  to  remove  ice  from  lock  walls 

Removal  of  the  ice  collar,  a  buildup  of  ice  on  the 
lock  walls  caused  by  frequent  lowering  and  raising  of 
the  lock  water  levels,  has  been  approached  in  two 
ways:  (I)  mechanically  cutting  the  ice  collar  or  (2) 
chemically  coating  the  lock  walls  to  reduce  the  ice 
adhesion  force  so  that  removal  can  be  facilitated. 

An  ice-cutting  saw  has  been  developed  and  is  now 
operational.  The  unit  consists  of  a  IS  foot  bar  and 
chain  cutter  similar  to  that  used  in  the  coal  industry. 
The  cutter  is  mourned  on  and  driven  by  a  four  wheel 
drive  tractor.  Traverse  speeds  of  over  10  feet  per 
minute  can  be  steadily  maintained  while  cutting 
through  ice  collars  2  feet  in  width  and  6  to  8  feet  deep. 
The  ice  cutting  saw  was  used  at  the  Poe  Lock  at  Sauit 
Ste.  Marie.  Michigan,  during  the  winter  navigation 
seuson. 

Tests  to  prevent  ice  huild-up  on  lock  walls 

The  chemical  coating  to  reduce  ice  adhesion 
forces  is  a  copolymer  compound  consistingof  polycar¬ 
bonate  and  polysiloxane.  The  copolymer  can  be 
sprayed  onto  a  clean  surface,  leaving  a  thin,  clear, 
pliable  film.  Trial  tests  during  the  1976-77  winter 
season  were  very  promising,  in  that  the  time  and  effort 
required  for  ice  collar  removal  using  both  mechanical 
means  and  steam  was  reduced. 

An  epoxy  resin  undercoating  was  used  before 
applying  the  copolymer.  Presently,  the  entire  Poe 
Lock,  from  high  pool  level  to  10  feet  below  has  been 
coated  with  the  epoxy  undercoat. 

Other  methods  that  haVe  been  tested  to  remove 
the  ice  collar  from  lock  walls  included  a  scraper  Hade 
mounted  on  the  bow  of  a  Corps  of  Engineers'  tug, 
removal  using  a  tractor  mounted  backhoe  unit,  a  flexi¬ 
ble  lock  wall  panel,  high  pressure  water  jets,  and  the 
use  of  steam. 

Of  various  methods  tested  to  remove  the  ice  collar 
from  lock  walls,  the  use  of  steamlines  and  hoses  has 
proved  to  be  most  effective.  This  technique  was  par¬ 
ticularly  effective  in  conjunction  with  use  of  lock  wall 


Backhoe  scrapes  ire  ojj  lark  walls. 


Strain  ftatif’e  attached  to  ice  boom  anchor. 
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coating  chemicals  While  the  chemic.;  coatir.g  did  not 
prevent  ice  from  forming  on  ‘.he  walls  n  aio  reduce 
removal  time  and  decrease  effort  w  nen  used  with  other 
metnods  of  ice  removal. 

Tests  to  prevent  ice  from  entering  lock  chamber 

Experiments  to  retard  ice  formation  behind  lock 
cate  recesses  involved  heat  caoies  ana  air-nubbier 
lines  The  air-huboler  system  was  utilized  also  to  flush 
ice  irom  behind  lock  gates  and  to  reduce  cc  buildup  on 
approach  walls  \  bubbler  line  was  also  tested  across 
the  upstream  approach  to  the  lock.  The  line  produced  a 
How  pattern  which  pusned  loose  ice  aside,  allowing 
ships  to  pass  through  the  lock  chamber  without 
pusntng  targe  quantities  of  ice  ahead  oi  them  ,mc  me 
lock  Such  a  svstem  was  instaned  at  Snell  Lock  *n  .  975. 
at  Cote  St  Catherine  locks  in  1976  and  above  the  Poe 
Locs  at  Sauh  Ste  Mane  Michigan  in  J97"» 

Lock  operating  personnel,  well  satisfied  with  the 
ope-ation  of  the  high  flow  air  stream,  noted  these 
benc'its  ease  of  gate  operat-ons  with  less  time  loss  in 
opening  and  closing  of  gates  lessdelav  n  ship  lockage, 
ano  iess  time  and  effort  required  remov  :ng  ice  buildup 
from  iocs  walls 

Heating  cables  have  been  effective's  used  in  lock 
gate  machmerv  recesses  to  prevent  ice  buildup.  Air- 
PuhPier  lines  aiong  the  lock  floor  chamber  have  been 
effective  in  retarding  ice  formation  and  also  for 
flushing  ice  from  tne  lock  gate  recesses. 


The  environment 


Tne  concurrent  conduct  of  a  Demonstration 
Program  and  a  Survev  Studv  resulted  in  confusion 
Irom  an  environmental  point  of  view  because  of  the 
radicallv  different  perception  of  the  potential  en- 
v  ironmental  effects  of  a  short-duration  demonstration 
aciivuv  and  of  a  long-duration  operational  program. 
W  hile  the  demonstration  program,  bv  its  nature,  could 
not  resolve  or  settle  all  of  the  potential  environmental 
pronlems.  it  did  surface  a  diverse  arrav  which  must  be 
addressed  in  future  vears 


Environmental  Evaluation  Work  Group  activities 

The  U.S.  Environmental  Protection  Agency  was 
the  lead  agency  and  Chairman  of  the  Environmental 
Evaluation  Work  Group.  Other  agencies  represented 
included  the  U.S.  Army  Corps  of  Engineers.  U.S. 
Coast  Guard,  U.S.  Fish  and  Wildlife  Service,  National 
Oceanic  and  Atmospheric  Administration,  Maritime 
Administration,  and  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation.  The  work  group  also  included  state 
representatives  from  the  eight  Great  Lakes  states,  an 
observer  from  the  Canada  Centre  for  Inland  Waters, 
and  the  Midwest  Representative  of  the  Sierra  Club. 

Work  group  activities  centered  primarily  upon  the 
evaluation  of  environmental  effects  of  specific 
demonstration  projects  that  involved  physical  contact 
or  interaction  with  the  environment. 

The  environmental  effects  of  these  types  of  pro¬ 
jects  were  first  assessed  by  the  individual  work  groups 
responsible  for  each  project.  Supervision  and  guidance 
on  the  data  needs,  methods  of  evaluation,  and  prepara¬ 
tion  of  the  environmental  assessments  were  then 
provided  to  the  Environmental  Evaluation  Work 
Group.  Evaluations  of  each  project  were  subsequently 
made  by  the  agencies  represented  on  the  Environmen¬ 
tal  Evaluation  Work  Group. 

Some  of  the  information  submitted  by  the  par¬ 
ticipating  agencies,  while  not  specifically  related  to  a 
particular  demonstration  project  area,  applied  to  en¬ 
vironmental  considerations  for  the  navigation  season 
extension  over  the  entire  Great  Lakes-St.  Lawrence 
Seaway  System. 

Evaluations  were  made  according  to  the  agency’s 
area  of  expertise.  In  addition,  both  the  Heritage  Con¬ 
servation  and  Recreation  Service  and  the  U.S.  Fish 
and  Wildlife  Service  accumulated  a  limited  amount  of 
baseline  data  covering  the  Great  Lakes  concerning 
their  respective  areas  of  expertise.  These  studies  in¬ 
cluded  gathering  information  on  the  location  of 
wildlife  habitats,  waterfowl  feeding  and  nesting  areas, 
and  areas  of  fishing  activities  on  the  Great  Lakes. 

A  significant  part  of  the  Demonstration  Program 
involved  activities  such  as  ice  surveillance  and  basic 
data  collection  in  which  no  physical  interaction  with 
the  environment  occurred  and  as  such  required  no 
special  environmental  studies. 

Activities  evaluated  included  the  bubbler-fiusher 
system  at  the  mainland  dock  of  the  Sugar  Island  ferry 
crossing,  the  Lime  Island  Turn  air  bubbler  system  in 
the  St.  Marys  River,  the  Duluth-Superior  Harbor  air 
bubbler  system  installed  near  the  entrance  of  Superior 


Harbor,  the  Howards  Bay  ( Duluth-Superior  Harbor) 
air  bubbler  system,  the  ice  boom  gate  installed  in  the 
Ogdensburg-Prescott  ice  boom,  and  the  Copeland  Cut 
test  ice  boom.  In  addition,  a  thermal  ice  suppression 
test  was  conducted  in  Saginaw  Bay  in  Lake  Huron  and 
an  ice  navigation  boom  in  the  St.  Marys  River  was 
tested. 

An  environmental  assessment  for  the  St. 
Lawrence  River  Demonstration  activities  was 
prepared,  and  a  monitoring  program  to  define  the  en¬ 
vironmental  effects  of  the  Demonstration  activities 
was  developed. 

There  were  potential  problems  with  respect  to 
bubbler  systems,  effects  on  shore  structures,  shore  ero¬ 
sion.  and  creation  of  waves  under  ice.  Results  of 
studies  to  date  indicate  that  winter  vessel  movement  in 
certain  channe's  and  narrow  passages  have  caused  an 
increased  rate  of  shore  structure  damage,  but  are 
believed  to  have  a  minimal  effect  on  shoreline  erosion. 
Large  vessels,  passing  at  maximum  allowable  speeds, 
create  drawdown  conditions  which  break  the  ice- 
cover.  and  the  resultant  ice  action  creates  damages. 

.n  accordance  with  the  National  Environmental 
Policy  Act  of  1969,  an  Environmental  Impact  State¬ 
ment  on  demonstration  activities  was  filed  with  the 
Council  on  Environmental  Quality  forevery  fiscal  year 
from  FY  74  through  FY  79.  These  statements, 
prepared  by  the  U.S.  Army  Corps  of  Engineers,  were 
filed  prior  to  the  start  of  each  season  and  provided  the 
basis  for  comparison  of  the  anticipated  and  actual  im¬ 
pacts  of  each  activity. 

In  addition  to  these  statements,  the  U.S.  Coast 
Guard  prepared  an  Environmental  Impact  Statement 
on  its  on-going  icebreaking  activities  related  to  its 
statutory  responsibilities. 

Special  studies  conducted  by  the  Environmental 
Evaluation  Work  Group  included  a  study  of  the  effects 
of  winter  navigation  on  outdoor  recreation  on  the  St. 
Marys  River,  a  long-line  air  bubbler  fish  study, 
pressure  wave  measurements,  and  a  study  of  tur¬ 
bulence  effects  on  shallow  water  sediments  and 
organisms,  macrobenthos  study  on  the  St.  Clair  River, 
and  preliminary  evaluation  of  demonstration  activities 
on  the  St.  Lawrence  River. 

Environmental  Impact  Statements 

Environmental  Impact  Statements  for  individual 
activities  have  been  prepared  during  each  year  of  the 
Demonstration  Program.  The  yearly  reports  identify 
the  participants  in  the  tests,  describe  the  demonstra- 
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Ice  in  Lake  Superior. 


non  activity,  the  environmental  netting  without  the 
project,  and  the  environmental  impact  of  the  activity. 
Included  are  remedial,  protective,  and  suggested 
mitigating  measures. 

Applicable  enviionmcntal  data  obtained  during 
the  Demonstration  Program  is  being  used  for  prepara¬ 
tion  of  an  Environmental  Statement  which  will  accom¬ 
pany  the  Winter  Naviga  on  Survey  Report. 

Environmental  Jala  collection  during  air  bubbler 
operation 

An  environmental  study  was  conducted  to  deter¬ 
mine  the  elfects  of  a  harbor  air  bubbler  system  on  the 
water  quality  of  Howards  Bay  in  Duluth-Superior 
Harbor durmgthewintersof  !973-74and  1974-75.  The 


areas  of  study  involved  water  temperature,  conductivi¬ 
ty.  water  samples  for  chemical  analysis  and  oxygen 
content,  and  the  effect  of  ambient  temperature.  No 
adverse  effects  were  identified  during  the  demonstra¬ 
tion  period. 

Monitored  fish  movement  at  proposed  air-bubbler 
loi  anon 

The  Environmental  Evaluat.on  Work  Group, 
through  the  U.S.  Fish  and  Wildlife  Service,  negotiated 
a  contract  with  the  Lake  Superior  State  College.  Sault 
Ste  Marie.  Michigan,  to  study  fish  movement  in  a 
shippingchannel  in  the  St.  Marys  River.  In  addition  to 
gaming  fish  movement  information,  the  study  was  to 
provide  information  on  species  composition  and  the 
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relative  abundance  of  economically  important  fish  tr. 
the  St.  Marys  River.  The  study  was  to  collect  fish 
movement  data  throughout  most  of  the  1974-75  winter 
season. 

The  study  area  was  located  in  the  West  Neebish 
Channel  above  the  Rock  Cut.  some  21  miles  south  of 
Sault  Ste.  Marie  in  the  downbound  navigational 
channel  of  the  St.  Marys  River  near  Barbcau. 
Michigan.  1  his  area  was  selected  principally  because  it 
is  traditionally  closed  to  navigation  after  1 5  December. 

That  winter  happened  to  be  one  of  the  mildest 
since  the  beginning  of  the  Demonstration  Program 
and.  as  a  consequence,  the  entire  study  had  to  be  com¬ 
pleted  within  12  days  in  March. 

Two  model  1 15  Vcxilar  Sonagraphs  were  placed 
in  a  specially  constructed  ice  shanty  to  record  fish 
movements  from  5  March  through  16  March  1975.  A 
timer  was  constructed  to  run  the  instruments  lor  six 
minute  periods  alternating  with  1 2  minutes  ol  inactivi¬ 
ty.  The  recording  paper  was  changed  at  least  once  a 
day.  usually  about  17(H)  hours.  Three  records  were 
made  vvitha  transducer  pointed  straight  down  to  deter¬ 
mine  swimming  depth  o(  the  fish.  For  the  remainder  ol 
the  study  the  transducers  were  angled  downwards,  one 
to  the  north,  the  other  to  the  cast 

Attempts  were  made  to  identify  fish  with  the  use 
ol  gill  nets  in  November  1974  and  March  1975  hut 
these  proved  ineffectual. 

The  monitoring  of  fish  movement  at  u  site  in  the 
St.  Marys  River  was  limited  inscope hecauscthcellcc- 
tive  range  ol  sonar  devices  employed  was  small  and 
because  climatic  conditions  did  not  permit  time  to 
monitor  the  movement  patterns  ol  fish  at  other 
locations.  The  study  did  result  in  the  collection  ol 
viable  data,  however,  regarding  fish  activity  near  a 
navigation  channel  during  the  winter  season 

l.'nvn  o  imwnial  ilaiamllfi  non  ai  Saginaw  Han  her  mat 
lie  vii/)/)i{'vvlon  K'.v/. 

An  env  irnnmcmal  ev  aluation  study.of  the  thermal 
tee  suppiession  demonstration  protect  in  Saginaw  Bay 
was  requested  by  the  Environmental  Evaluation  Work 
(iroup 

I  he  (ireat  l.akes  Fisherv  Laboratory  ol  the  U  S 
Fish  and  Wildlife  Service  contracted  tc  conduct  the 
evaluation.  The  study  period  began  in  1972  and  ran  to 
1976.  Its  primary  obieclive  was  to  collect  appropriate 
biological  data  in  order  to  evaluate  the  effects  of  the 
thermal  release  on  seasonal  abundance  and  species 
composition  ol  fish  and  benthic  organisms  in  the  area 
that  vvould  be  influenced  by  the  proicct.  Benthic 


,\n-ii  nlrr  tliiriinixniiili  in  Ihr  Si.  Mnnn  Hurr. 


macro-invertebrates  were  selected  because  of  their  im¬ 
portance  to  the  fishery,  then  rclativclv  low  mohiluv 
and  stable  communitv  structure,  and  their  high  sen¬ 
suous  io  environmental  changes 

Emphasis  was  placed  on  yellow  perch  because  ol 
the  high  lisherv  value  of  this  species  in  Saginaw  Bay 
and  because  a  previous  ERA  study  suggested  that  ex¬ 
posure  ol  adult  perch  to  elevated  winter  water 
temperatures  could  adversely  affect  their  production 
ol  eggs  and  fry.  Benthic  invertebrates  were  sampled 
dtir-'g  ice-lree  periods  belorc  and  after  thedemonstra- 
non  ol  the  thermal  ice  suppressor  Fish  were  sampled 
helore.  during  and  after  the  release  of  healed  water 
A  sample  ol  IK  species  of  benthos  was  taken  in  the 
studs  area,  consisting  primaulv  ol  oligochaetes  and 
chironontids  These  were  the  only  two  that  could  be 
treated  statistically  A  iota  I  of  27  spaces  ol  fish  was 
collected  during  the  course  of  the  study.  Yellow  perch 
was  one  ol  the  most  abundant  species  collected  Dif¬ 
ficulties  were  experienced  in  collecting  sound 
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biological  data  due  to  a  reduction  of  the  length  of  the 
test  system,  and  due  to  unfavorable  weather  and  lake 
conditions.  This  resulted  in  the  abandonment  of 
numerous  sampling  stations  and  the  establishment  of 
new  locations  throughout  the  study.  Only  a  few 
stations,  therefore,  survived  the  entire  study  period. 

From  usable  data  collected  by  the  Fish  and 
Wildlife  Service  during  the  Saginaw  Bay  thermal  ice 
suppression  test,  the  density  of  some  food  chain 
organisms  (chironomids)  was  found  to  differ 
significantly  between  years.  But  within  any  given  year 
the  densities  in  areas  receiving  heated  water  did.  not 
differ  markedly  from  those  located  in  the  unheated 
control  areas. 

An  interesting  observation  was  made  with  regard 
to  the  density  of  chironomids  between  the  shipping 
channel  and  the  bay  floor  areas.  The  density  of 
organisms  was  found  to  be  significantly  more  abun¬ 
dant  on  the  shipping  channel  floor.  One  reason  forthis 
may  be  that  the  bottom  substrate  of  the  shipping 
channel  has  a  higher  organic  content,  which  has  been 
carried  in  by  the  polluted  waters  of  the  Saginaw  River, 
than  (hat  of  the  bay  floor  substrate,  which  is  more  san¬ 
dy. 

Overall,  statistical  evidence  did  not  show  changes 
in  species  composition  and  abundance  of  fish  in  the 
study  area.  The  study,  however,  was  of  short  duration. 
Operational  changes  also  were  made  in  the  test,  and  the 
study  area  probably  was  influenced  by  the  polluted 
waters  of  Saginaw  River,  which  may  have 
overshadowed  any  subtle  effect  on  fish  that  could  be 
attributed  to  the  release  of  heated  water  from  the  ice 
suppressor.  In  summary,  the  effects  found,  while 
measurable  and  statistically  significant,  cannot  be 
labeled  as  either  beneficial  or  adverse. 

Climatological  investigations  in  the  lake  Erie- 
Niagara  River  region 

A  meteorological  station  was  installed  and 
monitored  by  the  Buffalo  District  Corps  of  Engineers 
to  determine  the  effects  on  local  climatology  of.the  ice 
boom  installed  each  winter  at  the  head  of  the  Niagara 
River  In  addition,  two  stations  for  the  collection  of 
solar  radiation  data  were  established  at  Port  Maitland, 
Ontario,  and  Erie.  Pennsylvania.  Data  collected  from 
these  stations  included  solar  radiation  measurements, 
temperature  and  humidity  on  a  24-hour  basis,  max¬ 
imum  and  minimum  temperature  for  daily  calibration 
of  a  thermograph,  average  one-hour  wind  speeds  and 
directions,  and  precipitation. 

To  gain  insight  into  processes  of  ice  formationand 


dissipation  in  the  eastern  end  of  Lake  Erie  an  histories  I 
analysis  was  undertaken.  Considered  were:  (I)  the 
date  of  maximum  summer  water  temperatures;  (2)  the 
date  of  39°  F  water  temperature  in  the  fall;  (3)  the  date 
of  32°  F  water  temperature  in  the  winter.  (4)  the  date  of 
3-day  average  temperatures  greater  than  33°  F;  and  (3) 
the  date  of  33°  F  water  temperature  in  the  spring  for  the 
pre-boom  years  1935-36  and  1956-57  through' 1963-64, 
and  the  post  boom  years  1964-65  through  1972-73. 

Water  temperature  regimes  which  existed  prior  to 
boom  installation,  and  those  subsequent  to  installa¬ 
tion.  were  compared  by  means  of  an  inspectional 
analysis  of  the  temperature  record  and  detailed 
statistical  analyses  of  the  data.  Water  temperature  data 
used  were  obtained  from  the  Colonel  Ward  Filtration 
Plant  at  a  depth  of  18  feet  at  the  Plant's  water  intake. 
Measurements  were  taken  with  a  mercury-in-glass  in¬ 
dicating  thermometer  since  1926  and  a  continuous 
recording  device  installed  in  1959. 

Analysis  of  data  from  the  meteorological  station 
near  the  Niagara  River  ice  boom  resulted  in  no  effects 
detected  on  local  climatology. 


Transport  of  oil  and  hazardous  materials  . 

The  Council  of  Environmental  Quality  (CEO) 
Hazardous  Materials  Plan  and  the  Coast  Guard's  Con¬ 
tingency  Plan  are  effective  and  functioning  programs 
for  the  recovery  of  hazardous  substance  spills. 

The  Coast  Guard's  Regional  Contingency  Plan  is 
supportive  of  and  supplements  the  CEQ  Plan.  Both 
materials  and  techniques  used  by  the  Coast  Guard  art 
the  best  currently  available. 

Should  a  spill  occur  during  transport  by  water  of 
many  hazardous  materials,  the  cost  for  clean-up  is 
borne  primarily  by  the  owner  of  the  facility  which 
spilled  the  material.  Financial  responsibility  is  limited, 
however,  and  if  clean-up  costs  exceed  this  limit,  a  "su¬ 
per  fund"  established  by  the  Coast  Guard,  supplies 
remaining  costs.  Legislation  is  under  review  which  will 
increase  the  financial  liability  of  the  owner  to  avoid  ex¬ 
cessive  depletion  of  the  Coast  Guard  fund. 

Under  the  National  Oil  and  Hazardous  Sub¬ 
stances  Contingency  Plan,  the  Coast  Guard  bears 
primary  responsibility  for  coping  with  actual  and 
potential  spills.  The  Coast  Guard  has  stated  that  the 
probability  of  a  spill  m  winter  is  reduced  for  the  follow¬ 
ing  reasons.  When  vessel  traffic  continues  through  an 
extended  season,  tracks  are  established  by  preceding 


97 


ships  and  the  risk  of  collision  or  grounding  is  less. 
Vessels  moving  through  ice  are  not  able  to  move  at 
high  rates  of  speed;  they  are  not  able  to  move  out  of 
their  tracks  with  ease;  when  they  do  start  to  get  out  of 
track,  it  is  relatively  easy  to  stop  them  because  of  the 
fhctional  effect  of  ice  There  are  a  reduced  number  of 
vessels  operating,  and  generally  they  are  operating 
with  an  escort  when  they  are  in  difficult  waters;  with 
lake  waters  completely  or  largely  covered  by  ice,  the 
effects  of  wind  and  waves  arc  considerably  reduced; 
and  ice  between  ships  tends  to  serve  as  a  buffer  to  keep 
vessels  away  from  danger. 

If  a  spill  should  occur,  ice  and  cold  weather  could 
affect  containment  operations,  as  well  as  oil  recovery 
from  stranded  or  sunken  vessels,  Effects  of  ice  and  cold 
weather  can  be  either  beneficial  or  adverse  depending 
on  a  given  set  of  circumstances.  These  and  other  con¬ 
siderations  are  important  to  contingency  planning 
Unfortunately,  there  is  little  experience  on  which  to 
focus,  ar.d  each  event  is  unique  and  requires  its  own  ap¬ 
proach.  its  own  equipment,  and  its  own  solution. 

A  recently  completed  survey  of  cold  regions  oil 
spill  mitigation  technology  included  a  cursory  deter¬ 


mination  of  the  applicability  of  presently  available 
means  to  the  problems  of  detection,  containment, 
recovery,  temporary  storage,  and  disposal  of  oil  spilled 
in  cold  regions  characterized  by  the  existence  of  low 
temperatures  and  the  presence  of  ice  in  many  forms. 
The  evaluations  were  based  upon  the  experience  of 
various  persons  conducting  cold  regions  laboratory 
and  Held  programs,  and  the  experience  of  others  in 
cold  regions  as  reported  in  the  technical  literature.  The 
survey  revealed  that  a  very  limited  degree  of  oil  spill 
response  capability  is  available  for  use  in  cold  regions 
based  upon  the  techniques  and  equipment  currently 
employed  in  warmer  climates.  While  this  limited 
capability  is  available,  a  great  deal  of  development 
work  must  be  undertaken  before  a  total  cold  regions  oil 
spill  response  capability  is  available.  Current 
technology  falls  short  of  the  desired  total  response 
capability  in  all  functional  areas,  including  remote  sen¬ 
sing,  containment,  recovery,  temporary  storage  and 
disposal. 

Should  oil  and  hazardous  material  spills  occur  in 
an  ice  environment,  special  problems  would  include  in¬ 
adequacies  in  cleanup  equipment,  personnel,  and 
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logistic*  inherent  in  the  season  and  expanse  of 
territorial  occurrence.  Yet.  within  four  hours  from  in- 
tttal  notification,  specially  trained  teams  and  the  most 
sophisticated  available  containment,  transfer,  and 
cleanup  equipment  could  be  available  at  the  nearest 
suitable  airport  in  the  Great  Lakes.  A  river  system, 
however,  could  pose  additional  problems  due  to  the 
water  regime  and  potential  for  rapid  dispersion  of  the 
pollution. 

The  system  and  equipment  currently  in  use  by  the 
Coast  Guard  represent  a  great  improvement  over  past 
capability  and  are  the  best  available  for  combatting  oil 
and  hazardous  substance  spills.  The  U.S.  Fish  and 
Wildlife  Service  has  indicated  the  needs  of  fish  and 
wildlife  resource  protection  require  improved  capabili¬ 
ty  in  handling  spills  in  fluvial  waters  and  during  winter 
conditions.  The  Coast  Guard  will  continue  research 
and  development  efforts  in  the  field,  including  the  re¬ 
quirement  for  double  hulls  on  vessels  carrying  oil  or 
hazardous  material. 


Identification  of  social  impact 


Social  Effects  Work  Group  Report 

The  examination  of  the  social  aspects  of  naviga¬ 
tion  season  extension  was  compiled  by  theGreat  Lakes 
Basin  Commission  under  the  direction  and  guidance  of 
the  Social  Effects  Work  Group  of  the  Winter  Naviga¬ 
tion  Working  Committee. 

The  objective  of  their  study  was  to  identify  and 
review  significant  social  effects  of  winter  navigation 
season  extension  activities,  to  recommend  solutions  on 
fuither  investigations,  and  to  prepare  a  plan  of  action 
to  address  unresolved  concerns,  including  both 
perceived  and  real  dimensions  of  social  effects. 

The  study  was  carried  out  in  three  stages.  The  first 
consisted  of  a  literature  research  to  identify  the  known 
and  documented  social  effects  of  winten  navigation, 
and  to  record  any  actions  taken  to  resolve  these  con¬ 
cerns.  The  second  involved  the  identification  of  poten¬ 
tial  and  previously  unidentified  social  effects  through 
public  meetings  and  interviews,  and  the  third  was  the 
preparation  of  a  plan  of  action  to  address  unresolved 
concerns  and  to  suggest  further  investigations. 

The  Social  Effects  Work  Group  identified  in  its 
report.  The  Social  Aspects  of  Winter  Navigation,  four 
major  areas  of  social  effect:  (I)  recreation;  (2)  shore 
erosion  and  structural  damage:  (3)  cross  channel 
transportation:  and  (4)  occupational  groups. 


St.  Marys  River  Recreation  Study 

This  study  was  conducted  in  conjunction  with  the 
Heritage  Conservation  and  Recreation  Service  and 
Lake  Superior  State  College  to  determine  the  effect  of 
winter  navigation  on  recreation  —  primarily  fishing 
and  snowmobiling'on  the  St.  Marys  River.  The  study 
was  conducted  at  eleven  major  winter  recreation  sites 
along  the  navigation  channel  from  Whitefish  Point  to 
DeTour  Passage-Drummond  Island  and  involved  on¬ 
site  observations  and  personal  interviews  of  recreation 
participants. 

The  final  result  of  the  St.  Marys  River 
recreational  study  was  that  nearly  one-third  of  the  peo¬ 
ple  interviewed  indicated  that  extended  navigation 
affected  the  quality  of  their  recreational  activity, 
primarily  in  ice  fishing  and  snowmobiling.  The  majori¬ 
ty  of  negative  comments  came  from  snowmobilerswho 
were  concerned  with  unsafe  ice  conditions. 

Shore  erosion  and  dock  damage  monitoring 

Complaints  of  shore  and  dock  damage  by  owners 
of  property  along  the  navigation  channels  of  the  St. 
Marys  River  have  come  about  as  a  result  of  the  exten¬ 
sion  of  the  navigation  season.  An  extensive  study  that 
involved  identification  of  both  erosion  and  dock 
damage  was  conducted.  Specific  docks  were  selected 
from  each  study  area  and  visually  inspected  and 
photographed  throughout  the  winter  to  detect  move¬ 
ment  or  damage. 

Similarly,  a  total  of  1 2  profile  sites  were  establish¬ 
ed  in  erosion-prone  areas.  Profiles  were  systematically 
remeasured  over  a  216  year  period  to  document  any 
changes  that  may  have  occurred  between  stable  shore 
and  out  into  the  2-3  foot  depth  in  the  river.  Ship-wave 
measurements  were  also  taken  during  both  ice  and 
open  water  conditions  to  aid  in  the  study. 

The*  winter  navigation  does  contribute  to  in¬ 
creased  dock  damage  in  certain  areas  of  the  St.  Marys 
and  St.  Clair  Rivers  was  indicated  as  a  result  of  studies 
on  these  subjects.  The  studies  indicated  damage  arising 
primarily  from  ice  moving  laterally  and/or  vertically 
against  the  structures. 

Island  transportation  access  efforts 

Sugar  Island  activities:  One  of  the  major  problems 
associated  with  winter  navigation  in  the  St.  Marys 
River  is  the  disruption  of  traditional  modes  of 
transportation  between  the  islands  and  the  mainland. 

At  the  upstream  end  of  Little  Rapids  Cut  in  the  St. 
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Marvs  River,  just  below  Soo  Harbor,  is  located  the 
Sugar  Island  ferry  crossing.  River  currents  at  this  point 
tend  to  keep  the  area  relatively  ice  free  through  much 
of  the  winter.  However,  winds  or  thaw  conditions  will 
occasionally  loosen  ice  in  the  harbor,  which  flows 
downstream  to  jam  the  Cut.  Before  the  Winter  Naviga¬ 
tion  Demonstration  Program,  this  was  an  infrequent 
occurrence  and  would  temporarily  hamper  ferry 
operation  until  the  ice  stabilized  and  the  ferry  track 
was  reopened. 

The  ice  cover  in  the  Soo  Harbor  was  disrupted  by 
ship  transit  during  the  Winter  Navigation  Program, 
resulting  in  loose  ice  frequently  filling  the  Cut  and  oc¬ 
casionally  halting  ferry  operations  until  icebreakers 
could  reopen  the  crossing  area. 

Modifications  to  the  Sugar  Island  ferry  were 
made  to  see  if  the  ice  operating  capabilities  of  the  ferry 
could  he  improved.  Improvements  included  changing 
the  shape  of  the  bow  at  both  ends  and  doubling  the 
thickness  of  hull  plates  near  the  water  line.  The 
strength  of  the  hull  was  also  increased  by  adding  plates 
to  the  side  and  installing  longitudinal  side  girders.  The 
vessel  was  repowered  with  two  300  horsepower 
engines,  replacing  the  existing  1 00  horsepower  engines. 
Also  included  were  a  new  shaft,  bearings,  propellers, 
and  a  strengthened  rudder.  The  new  ice  strengthened 
hull  and  more  powerful  engines  were  effective  in  allow¬ 
ing  the  ferry  to  operate  through  moving  ice  floes. 

As  mentioned  previously,  model  studies  and  a 
prototype  ice  boom  test  were  performed  for  the  Little 
Rapids  Cut  to  see  if  the  ice  cover  could  be  stabilized 
and  allow  vessel  transits.  Since  the  annual  installation 
of  an  ice  boom  in  1975.  there  has  been  no  serious  dis¬ 
ruptions  to  ferry  operation. 

To  assist  the  ferry  in  reaching  the  mainland  dock.- 
an  air  bubbler-flusher  system  was  installed  and 
operated  each  year.  The  system  flushed  ice  away  from 
the  dock  providing  there  was  an  area  out  in  the  channel 
into  which  the  ice  could  be  flushed. 

To  help  maintain  the  transportation  link  at  the 
Sugar  Island  ferry  crossing,  an  operational  plan  was 
developed  and  implemented  during  the  fourth  through 
eighth  years  of  the  program'.  The  U.S.  Coast  Guard 
Captain  of  the  Port  (Soo)  was  designated  as  Officer-in- 
Charge  to  coordinate  and  implement  the  operational 
plan  efforts  The  Coast  Guard  and  a  private  tug  per¬ 
formed  preventative  icebreaking  in  the  aiea  In  the 
event  the  ferry  was  temporanly  unable  to  operate. 
Coast  Guard  vessels  were  used  to  provide  transporta¬ 
tion  If  the  National  Weather  Service’s  experimental 
forecasts  indicated  ferry  service  would  be  interrupted 
in  excess  of  five  consecutive  days,  shipping  through  the 
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area  would  be  halted  until  the  area  cleared  enough  to 
resume  ferry  operations. 


I 


( 


Sugar  Island  Ferry  moves  across  St.  Marys  River. 
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!  ime  Island  air  boat  Navigation  season  extension 
activities  resulted  in  the  disruption  of  the  solid  ice 


cover  between  Lime  Island  and  the  mainland.  An  air- 
boat,  capable  of  crossing  solid  or  broken  ice  and  open 
water  was  designed  and  constructed  to  provide 
transportation  during  the  extended  season. 

A  number  of  improvements  were  suggested  by  air- 
boat  users,  including  a  new  engine  and  propeller,  a 
walk-through  windshield,  new  passenger  seats,  canvas 
top  and  side  curtains  for  the  passenger  compartment, 
and  a  sturdier  engine  mount. 

The  test  airboat  has  not  been  accepted  by  the 
residents  as  an  effective  solution.  They  claim  the  vehi¬ 
cle  is  uncomfortable  and  inconvenient.  The  vehicle  is 
old  and  if  extended  season  navigation  were  to  con¬ 
tinue.  a  newer  vehicle  would  be  required. 

Closed  West  Neebish  Channel:  During  the  open 
water  season,  upbound  traffic  uses  the  Middle  Neebish 
Channel  and  downbound  traffic  transits  the  straighter 
West  Neebish  Channel.  The  Neebish  Island  ferry 
operates  across  the  West  Neebish  Channel  above  a 
narrow  excavated  channel  commonly  called  Rock  Cut. 
When  ice  thickness  is  sufficient  to  support  foot  and 
snowmobile  traffic,  the  West  Neebish  Channel  is  clos¬ 
ed  to  navigation.  The  ferry  service  shuts  down  for  the 
winter  and  both  upbound  and  downbound  navigation 
use  the  Middle  Neebish  Channel.  Access  to  Neebish 
Island  is  across  the  ice  until  ferry  service  is  resumed  in 
the  spring. 

Various  solutions  are  being  investigated  to 
provide  access  to  the  Island  if  the  West  Neebish 
Channel  should  be  opened  to  winter  navigation. 
However,  the  West  Neebish  Channel  is  not  included  in 
the  proposed  plan  lor  winter  navigation. 

Monitored  Drummond  Island  crossing:  The 
Drummond  Island  ferry  operates  year-round  across 
the  mile-wide  DeTour  Passage,  located  where  the  St. 
Marys  River  flows  into  Lake  Huron.  Because  ferry 
operators  complained  of  unusually  heavy  ice  floes  and 
navigation  problems  shortly  after  the  beginning  of  the 
Demonstration  Program,  a  monitoring  program  was 
established  to  observe  winter  operations  of  the  ferry. 

A  time-lapse  movie  camera  was  set  up  to  record 
daily  ferry  operations  throughout  several  winters. 
Aerial  pnotos  were  taken  to  document  the  changing  ice 
conditions,  and  a  Corps  observer  made  periodic 
crossings  on  the  ferry,  discussed  operations  with  the 
ferry  operators,  and  obtained  copies  of  the  daily  cross¬ 
ing  logs. 

Results  of  the  observations  indicate  that  the  ex¬ 
tended  navigation  activities  did  not  contribute  to 
Drummond  Island  ferry  problems.  The  problems  arise 
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because  the  ferry  has  marginal  ice  operating 
capabilities  and  faces  difficulty  maneuvering  in  ice 
floes  blown  against  shoreline  docking  facilities.  The 
continuously  maintained  ship  track,  through  the  ice 
bridge  upstream  of  the  ferry  crossing,  severs  the  alter¬ 
nate  means  of  transportation  to  the  mainland  (over  the 
ice)  when  the  primary  means  (the  ferry)  is  out  of  service 
for  repairs.  This  situation  would  continue  to  be 
monitored  during  any  operational  season  to  determine 
if  there  is  any  change  in  this  situation. 

Si.  Clair  River:  As  part  of  the  Detroit  Districts 
Winter  Operation  Reporting  Center  operations  a  close 
watch  was  kept  on  all  cross  channel  river  traffic  in  the 
St  Clair  and  Detroit  Rivers.  It  was  determined  that  the 
impact  of  winter  navigation  on  cross-channel 
transponation  service  is  minimal. 


The  Harsens  Island  ferry,  operating  between 
Algonac,  Michigan  and  Harsens  Island  on  the  north 
channel  of  the  St.  Clair  River  has  experienced  in¬ 
terruptions  in  service  for  short  periods  of  time  (1  to  4 
days)  during  the  1978-79  winter  season.  This  is  an  area 
of  naturally  occurring  ice  jams  of  substantial  propor¬ 
tion.  This  area  would  also  be  monitored  during  an 
operational  season  to  determine  if  navigation  increases 
these  effects. 

The  Drummond  Island  and  Harsens  Island 
transportation  issues  remain  unresolved  and  further 
studies  are  necessary. 

Soaologual  Assessment  Study  by  MARAD 
The  Maritime  Administration  (MARAD)  con- 
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eluded  a  study  in  October  1976  aimed  at  identifying 
significant  psychological  problems  and  benefits  of  an 
extended  winter  navigation  season  on  Great  Lakes  per¬ 
sonnel.  The  study  was  entitled.  "Sociological  Assess¬ 
ment  Survey"  (SAS)  A  questionnaire  was  developed 
and  directed  to  representative  samples  of  Great  Lakes 
industry  groups,  i.e.,  vessel,  terminal,  lock,  and  pilot 
personnel  Almost  1.700  questionnaires  were  dis¬ 
tributed  with  a  high  response  rate  of  approximately  46 
percent 

Four  occupational  groups  have  been  identified  as 
being  directly  affected  by  winter  navigation  activities 
personnel  employed  bv  vessels,  terminals,  locksand 
as  pilots  The  elfects  on  these  groups  are  primarily 
two  individual  comfort  and  the  psvcho-socio  effects 
of  an  extended  season  The  rcsultsof  the  Maritime  Ad¬ 
ministration  Sociological  Assessment  Survey  are  sum¬ 
marized  below. 

Vessel  personnel •  Although  these  individuals  have 


positive  attitudes  toward  their  jobs,  they  appear 
somewhat  negative  with  regard  to  the  extended  season. 
They  are  concerned  about  safety  during  the  winter, 
feeling  the  need  for  more  time  off.  indicating  that  sail¬ 
ing  during  the  extended  season  is  disturbing  to  their 
families.  The  group  did  exhibit  a  positive  attitude  in 
situations  where  individuals  either  sailed  voluntarily  or 
knew  several  months  in  advance  that  they  would  be 
sailing  during  the  extended  season.  Serious  psvcho- 
socio  problems  related  to  extension  are  anticipated 
with  this  group,  although  several  suggestions  were 
made  to  improve  season  extension  acceptance. 

Lock  and  terminal  personnel-  While  virtually  all 
lock  and  many  terminal  personnel  were  positive 
toward  an  extended  season,  union  terminal  personnel 
exhibited  more  negative  attitudes  than  non-union  ter¬ 
minal  workers.  The  group  provided  suggestions  aimed 
at  improving  conditions  relating  to  winter  navigation. 
As  with  other  groups,  they  asked  for  more  information 
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concerning  the  extension.  Difterent  segme  a.  f  this 
group  seemed  to  prefer  particular  job  assignments, 
although  not  necessarily  the  most  easy  or  comfortable 
ones.  These  preferences  should  be  honored  or  retrain¬ 
ing  should  be  initiated  to  accommodate  them 


Finally,,  some  personnel  (union  members)  ex¬ 
pressed  less  10b  satisfaction  and  less  positive  attitudes 
toward  extension  than  non-union  members.  It  would 
he  helpful  to  solicit  suggestions  from  these  union 
members  regarding  their  season  extension  concerns 
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Pilot  personnel:  Some  tentative  suggestions  may 
be  made  regarding  this  group,  although  few  responses 
were  received.  Initially,  this  group  needs  more  exten¬ 
sive  information  on  season  extension.  Suggestions 
from  the  group  should  be  actively  solicited.  The 
possibility  of  having  more  pilots  available  during  the 
extended  season  should  be  explored. 

Pilots  should  be  better  informed  about  upcoming 
changes  in  their  work  schedules  and  be  allowed  to 
provide  input  or  discussion  about  these  changes.  The 
use  of  volunteers  is  also  suggested.  Vacation  schedules 
should  be  altered  to  allow  pilots  to  take  vacations  dur¬ 
ing  summer  months. 

Winter  Cargo  Handling  Study 

The  Great  Lakes  Regional  Office  of  MARAD 
conducted  a  study,  entitled  The  Effects  of  Winter 
Weather  on  Cargo  Handling  Productivity.’  as  an  in- 
house  project.  The  objective  of  the  study  was  to  deter¬ 
mine  the  effects  of  advene  winter  weather  on.  cargo 
handling  productivity  at  Great  Lakes  Ports  and  ter¬ 
minals,  to  analyze  these  effects,  and  to  make 
recommendations  on  methods  or  techniques  (if  any) 
which  would  improve  productivity  to  the  degree  that 
the  competitive  posture  of  Great  Lakes  Ports  would  be 
unproved. 

The  results  of  the  study  on  the  effect  of  winter 
weather  on  cargo  handling  productivity  is  based  on  a 
survey  of  terminal  operators,  shipping  lines  and  labor 
organizations  in  the  Great  Lakes  area.  The  consensus 


of  the  survey  indicated  that  the  effects  of  winter 
weather  did  not  have  a  severe  impact  on  cargo  handl¬ 
ing  operations,  with  the  exception  of  bulk  coal  loading 
and  unloading.  This  commodity  has  been  identified  for 
further  study  due  to  the  intermodal  aspects  and  the 
nature  of  the  cargo  itself. 

Other  specific  findings  of  the  study  indicated  that 
winter  weather  was  not  significantly  detrimental,  to 
productivity  as  long  as  safety  considerations  were 
applied  and  adequate  winter  clothing  was  made 
available  at  a  moderate  cost  to  employees.  Standar¬ 
dized  or  issued  cold-weather  clothing  was  not  seen  to 
he  an  alternative  either  by  labor  or  management,  due 
to  the  variance  in  individual  taste  and  desires. 

Work  stoppages  during  winter  were  seen  as  being 
no  more  Irequent  than  those  caused  by  summer  rain 
storms.  Benefits  to  labor  and  to  ports  in  terms  of  year- 
round  employment  would  occur  as  a  result  of  the  ex¬ 
tension  effort,  with  no  degradation  ofexpertenced  per¬ 
sonnel. 

Benefits  from  increased  revenues  would  offset 
equipment  maintenance  costs;  very  littlespecial equip¬ 
ment  (except  for  snow  removal  equipment)  would  be 
needed.  Most  ports  currently  consider  themselves  to  be 
operational  on  a  year-round  basis  already,  duejto 
transshipment  requirements.  ; 

This  study  applies  particularly  well  to  winter 
navigation,  since  it  resolves  the  issue  of  the  capability 
of  Great  Lakes  pons  and  terminals  to  operate  during 
the  winter  season,  should  such  operations  become  a 
reality. 
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Shipping  routes,  winter  of  19/6-  /  7. 
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Economics 


Traffic  study 

The  primary  activity  undertaken  by  the  Economic 
Evaluation  Work  Group  during  the  Demonstration 
Program  was  a  Traffic  Study  of  all  commodities 
shipped  on  the  Great  Lakes  during  each  year  of  the 
Program.  An  origin-destination  traffic  matrix  was 
prepared  for  each  year  of  extended  season  traffic  based 
op  data  obtained  from  Soo  Locks  records,  from  vessel 
operation  reports  of  U.S.  companies  that  ship  on  the 
Great  Lakes,  and  from  a  telephone' mail  survey  of 
Canadian  companies  that  ship  on  the  Lakes. 

The  results  of  the  Traffic  Study  are  depicted  in 
Table  1  for  FY  72-78  (FY  79  data  have  not  yet  been 
completed).  As  shown  in  Part  A  of  Table  I,  the  total  net 
tonnage  handled  on  the  Great  Lakes  during  the  ex¬ 
tended  navigation  season  increased  steadily  from  3.6 
million  tons  in  FY  72  to  1 5.0  million  tons  in  FY  75. 
then  decreased  annually  to  5.3  million  in  FY  77.  before 
increasing  again  in  FY  78  to  9. 1  million  tons. 

Iron  ore  accounted  for  a  record  74  percent  of  all 
commodities  shipped  during  the  FY  78  extended 
season  (due  primarily  to  the  iron  ore  mine  workers’ 
strike  in  1977  forcing  companies  to  ship  more  ore  dur¬ 
ing  the  1977-78  winter)  and  maintained  its  position  as 
the  primary  commodity  shipped  from  FY  72  through 
FY  78  (Table  I.  Part  B).  Net  tonnage  by  Lake  of  origin 
is  shown  in  Part  C  of  Table  I.  During  each  of  the  ex¬ 
tended  seasons,  Lake  Superior  has  been  the  major 
Lakeof  origin.  Part  DofTable  I  illustrates  the  fact  that 
Lake  Michigan  was  the  major  lake  ofdestmation  in  the 
FY  78  extended  season,  as  it  has  been  mevery  vearex- 
cept  FY  73. 

Overall,  Parts  A,  B,  C,  and  D  show  that  the 
primary  extended  season  commodity  movement  dur¬ 
ing  the  Demonstration  Program  has  been  iron  ore 
originating  out  of  Lake  Superior  and  destined  for  Lake 
Michigan,  Lake  Erie,  and  the  St.  Clair-Detroit  Rivers 
System. 


Figures  1  through  4  show  the  typical  GrearLatifcs 
shipping  routes  for  each  month  of  extended  season 
operation,  based  on  the  Demonstration  Program  ton¬ 
nages  contained  in  Table  I.  As  can  be  evidenced  from 
these  figures,  traffic  movements  are  heaviest  in 
December,  then  gradually  decline  in  January  and 
February,  and  increase  again  in  March  as  the  winter 
season  comes  to  a  close. 

Table  II  shows  the  opening  and  closing  dates, 
transits  and  tonnage  for  the  Soo  Locks  !or  the  1967- 
1978  extended  navigation  seasons.  As  this  table  shows, 
the  Soo  Locks  have  remained  open  all  year  for  the  past 
five  winters  (although,  from  23  January  1977  to  17 
March  I977the  Demonstration  Program  was  suspend¬ 
ed).  A  record  9.134.539  tons  of  commerce' passed 
through  the  locks  during  the  1974  extended  season, 
while  1977  was  the  second  highest  year  with  6,844.222 
tons  and  1978  the  third  highest  year  with  6.629.598. 

A  summary  of  tne  market  value  of  the  annual 
waterborne  commerce  passing  through  the  Soo  Locks 
during  the  1971-1978  extended  navigation  seasons  is 
shown  in  Table  III.  This  table  also  points  out  the  fact 
that  the  average  annual  amount  of  tonnage  moving 
through  the  Soo  Locks  during  the  l97l-l9T8extended 
navigation  season  period  was  5.165.900  tons  with  an 
average  annual  market  value  of  $300,231,100.  (This 
figure  indicates  market  value  and  not  savings  gained  by 
an  extended  navigation  season).  It  should  be  noted 
that  the  market  values  of  the  various  tonnages  dis¬ 
played  in  Table  III  do  not  include  the  transport  costs 
that  would  be  associated  with  moving  these  goods 
from  the  point  of  origin  to  the  point  of  destination.  As 
an  example,  the  total  transport  cost  to  rail  iron  ore  (the 
primary  commodity  shipped  during  the  Demonstra¬ 
tion  Program)  from  the  Mesabi  range  to  Duluth- 
Superior  and  then  transship  it  by  vessel  to  a  Lake  Erie 
port  would  be  approximately  S9.54  per  ton.  This  $9.54 
per  ton  includes  all  dock  and  handling  charges,  and 
represents  nearly  one-fourth  of  the  $37.50  per  ton 
market  value  of  iron  ore  shown  in  Table  III. 


TABLE  I 

COMPARISON  OF  FY  72  THROUGH  FY  78 
GREAT  LAKES  EXTENDED  NAVIGATION  SEASONS 


Part  A 

TOTAL  NET  TONNAGE* 


NET  TONS 


Commodity 

FY  72 

FY  73 

FY  74 

FY  75 

FY  76 

FY  77 

FY  78 

Iron  Ore 

1.175.967 

3.900.872 

4.927.019 

8.399.424 

5.493.064 

2.569.129 

6.-33582 

Ciruin 

709.679 

623.752 

1.099.289 

1.712.258 

1.289.297 

775.177 

947557 

L'tuil 

1.127.263 

663.891 

1.654.906 

2.229.582 

1.685.214 

870.525  . 

513204 

81  one 

140.516 

493.886 

1.117.092 

1.140.778 

509.019 

231.649 

319.137 

Petroleum 

368.341 

757.728 

985.052 

1 .0 1 5. 1 24 

590.542 

617.675 

•MP.849 

Others 

55.589 

294.095 

845.241 

516.3% 

96.488 

2}7  IV!  2 

164.661 

rorAt.s 

3.577.355 

6.734.224 

10:628.599 

15.013.562 

9.66  *  624 

5.291.197 

9,085.990 

TABLE  I  (continued) 

Pert  B 

TOTAL  NET  TONNAGE  BY  COMMODITY 


%  of  Total  Net  Tonnage 


Commodity 

11  Ipy  n 

(3.557.355) 

FY  73 
(4.734.224) 

FY  74 
(10,628.599) 

FY  75 
(15.013.562) 

FY  76 
(9.663.624) 

FY  77 
(5.291.197) 

FY  78 
(9.085.990) 

Iron  Ore 

58% 

46% 

56'-, 

57',’ 

49'; 

’  74', 

Grain 

20 

9 

10 

II 

13 

IS 

;  10 

Coal 

•  31 

10 

16 

IS 

IX 

16 

ft 

Stone 

4 

7 

II 

H 

5 

4 

'  4 

Petroleum 

10 

12 

9 

7 

ft 

II 

•  4 

Other* 

2 

4 

8 

3 

i 

5 

2 

TOTALS 

100% 

100*7 

100% 

100', 

mu', 

100'. 

100'  # 

Pert  t 

TOTAL  NET  TONNAGE  BY  LAKE  OK  ORIGIN 


%  of  Total  Ntt  lonnagr 


LAKE  OF  FY  72 

ORIGIN  (3. 577.355) 

FY  73 
(6,734.224) 

FY  74 
(10.628.599) 

n  75 

(15.013.562) 

FY  76 
(9.663.624) 

FY  77 
(5.153.561) 

FY  78 
(9.085.990) 

1  ukc  Superior 

54% 

56% 

48% 

61% 

*>', 

55*1 

75% 

I  ake  Michigan 

9 

24 

21 

II 

16 

n 

10 

1  uke  Huron 

3 

5 

9 

7 

4 

4 

5 

St.  Clair-Dctroit 
Rueri 

1 

2 

5 

3 

I 

X 

3 

1  ake  Erie 

32 

,  !2 

16 

16 

IX 

19 

ft 

1  ake  Ontario 

1 

1 

1 

2 

1 

1 

i 

10  TALK 

ioq% 

J  00^ 

100% 

100% 

l(X)', 

loo* , 

too< , 

I.AKI  OF 
DESTINATION 

F3  72 
(3.463.470) 

F3  73 

(6.700.408) 

F3  74 
(10.444.578) 

!  3  75 
(14.1 1 3.234) 

1  \  76 

WMX.W) 

n  77 

( 5.20 1.107) 

1,3.78 

(4.030,244) 

l  ,ike  Superior 

V, 

V, 

V, 

7' , 

S'  , 

S' , 

S'  i 

l  .ike  Michigan 

16 

16 

15 

ii 

19 

40 

4' 

1  akc  Huron 

5 

6 

b 

0 

*s 

(3 

St  C'lair-Dctroit 
H»\crs 

2\ 

17 

->4 
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I  1 

io 
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2 s 
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1  1 

2s 
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l  1* 
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1  42  <  6  1  ' 
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1  Feb  7; 

Sb 
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i  *i 
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I  P  indicates  unbound.  UN  indicated  dovtnbound.  and  II  indicates  total  transit 
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I  Source'  ni  market  value  per  tun  nl  cargo:  Iron  ore  Skillings  Mining  Review.  25  August  1979;  Coal  Federal  Inergx 
Regulatory  Commission  1979.  Average  contract  price  per  ton  lor  east  and  north  central  stales:  Stone  Presque  Isle  Corpora¬ 
tion.  I  ong  Cake.  Michigan.  14  September  1979;  drain  Wall  Street  Journal  (cash  prices).  23  Jauu.iiv  !979-  Pel  oleum  products 
Wall  Street  Journal  (cash  prices).  23  January'  1979;  Other  Bulk  estimated  based  on  product  mis.  Oeneiy1  Cargo  I1  S 
Department  ol  Commerce.  Bureau  ol  Census.  Domestic  and  International  I rxnsportation  of  I’.S.  Foreign  Trade.  1976 


TABLE  IV 


L 


» 


DISTRIBUTION  OF  DEMONSTRATION  PROGRAM  FUNDS 
COST  (1)  BY  FISCAL  YEAR 


ICE  INFORMATION 

NOAA-Great  Lakes  Environmental 

Research  laboratory 

1972 

1973 

1974 

1975 

1976 

1977 

197* 

I979(*) 

TOTAL 

(u)  Air  and  water  temperature 

measurements 

(b)  Lake  Superior  bathythermograph 

S  5.2 

S  6.9 

S  10.0 

S  6.5 

S  - 

s  - 

S  - 

8  - 

S  28.6 

measurements 

- 

11.0 

6.0 

6.5 

- 

- 

- 

- 

27.5 

(cl  Ice  thickness  measurements 

7.1 

13.6 

4.5 

4.5 

- 

- 

- 

29.7 

(d)  Aerial  photography  of  selected  areas 

(e)  St,  Lawrence  River  free/e-up 

17.7 

24.0 

4.0 

- 

* 

45.7 

forecasts 

- 

70.0 

70.0 

- 

- 

- 

40.(1 

411 II 

1 411.0 

(I)  Harbor  Iree/e-up  forecasts 
(g)  Little  Kupids  Cut  ice  condition 

• 

20  0 

- 

- 

- 

* 

20.0 

forecasts 

- 

- 

20.(1 

- 

•- 

- 

- 

% 

20  0 

U.S.  (  oast  Guard 

(a)  Operation  of  Navigation  Center 

.70.5 

14.1 

21.0 

21.0 

251. 

1911 

78  0 

S'  O' 

251.6 

(b)  Coast  Guurd  Ice  Reconnaissance 

11.5 

22.7 

26  0 

10  8 

II  0 

* 

82.0 

NOAA  -  National  Weather  Service 

(a)  Ice  and  weather  forecast  operations 

77.0 

57.0 

57.0 

57  1) 

7ll  II 

*6  0 

72  0 

s2  l) 

464  0 

(hi  Short* Term  ice  forecast  technique 
(cl  Harhor  Iree/e-up  and  break-up 

• 

17.0 

15.0 

* 

“ 

" 

28  0 

•  lorecasts 

St.  Lawrence  Seaway  Development  Corporation 

20  0 

20  0 

St.  1  awrencc  Ri\er  Surveillance  and 

monitoring 

Document  St  Lawrence  River  Ice 

50.0 

40.0 

55  0 

125  0 

120  0 

- 

* 

790.0 

conditions 

Corps  of  Engineers  •  Detroit  District 

(a)  Ice  thickness  and  movement 
measuiement  and  water  level 
fluctuations  in  St.  Clair 

150.(1 

150(1 

and  St.  Marys  River 

65.0 

57.7 

■  50.8 

27  8 

7  2 

9 

14.9 

216  7 
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TABLE  IV  (continued) 


ICE  INFORMATION  (continued) 

(hi  temperature  profiles  in  selected 

197J 

147.1  1474  1475  |47b 

1477 

147*  1474)*) 

TOTAI 

ureas 

(c)  Instrumentation  of  Pile  movement 

* 

5.0  2.K  .1 4 

* 

" 

II  2 

and  heaving  -  Great  Lakes  Area 
(d)  Whitellsh  Bay  Pressure  Wave 

■ 

21  0 

21  0 

Study 

of  Engineers  -  Buffalo  District 

Pastern  1  ake  Erie  ice  surveillance 

7k 

7  k 

activities 

1  .S.  Army  Electronic  Proving  Grounds 

Remote  sensing  of  lake  ice 

1.1 0 

7  0  12.0  4  k 

Ib.h 

conditions  (SI.AR) 

- 

kOO 

- 

KO.O 

IOIAI  •  ICE  INFORMATION 

21.10 

24H.O  4.14  1  2X4.1  2112 

ISO 

\22  7  2i»7 » 

£39 

(1)  Rounded  m  thousands  of  dollars 

(2)  Estimated  costs  pending  financial  closeout 


HE 

MANAGEMENT 

1472 

1971 

1974 

1975  I47b  1977 

197* 

1979(1) 

TOT  VI 

<  orps  of  Engineers  -  Detroit  District 

la)  Island  fransportalion  Investigations 

513  5 

s  • 

s  • 

S  •  S  -  s  - 

S  k  4 

5  . 

S  21  9 

(h|  Sugar  Island  ferry  dock  bubbler- 
flusher  svslems 

99 

79 

1  5 

2  7  5  9  12  0 

Ik 

ton 

51  7 

(c)  Modification  of  Sugar  Island  ferry 

- 

73  0 

- 

10  0 

kKI 

Idl  1  ime  Island  Airboat 

• 

b.O 

94 

0  7  t  (>  1 1  7 

12b 

X  0 

5k  0 

(el  1  one  Island  Air- Bubbler  Svstem 

M6 

59  8 

• 

- 

* 

124  1) 

(1)  Design  ol  Bubbler  System  lor  Middle 
N'eebish  Channel 

2.0 

. 

. 

21) 

lg)  Si  Clair  -  Detroit  River  System 

Study 

-- 

«0.2 

- 

. 

- 

kl)  2 
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TABLE  IV  (continued) 


ICE  MANAGEMENT  (continued) 

1  :  ' 

1972 

1973 

1974 

1975  1976 

1977 

1978 

1979(i) 

TOTAL 

(h)  Saginaw  Bay.thcrmal  Ice  Suppression  - 

Test  design,  construction,  testing. 

and  removal 

- 

8.9 

10.0 

299.5 

67  6 

- 

3  0 

,  3890 

(i)  Model  study  of  Little  Rapids  Cut 

- 

- 

24.8 

202.3 

61.7 

- 

- 

- 

■  288.8 

(l)  St.  Marys  River  navigation  ice  boom 

design,  construction,  testing 

- 

- 

- 

40.0 

628.8 

- 

- 

'  66 

(k)  St  Marys  River  ice  boom,  modification. 

repairs,  rcmstallation  and  removal 

and  redesign 

- 

- 

- 

- 

65.4 

1(8)9 

50  0 

216.3 

(1)  Advance  Work  -  St  Marys  River 

icc  boom 

- 

. 

- 

47  8 

. 

- 

47  8 

(m)  Analysis  and  data  collection  Saginaw 

Bay  thermal  ice  suppression 

12  0 

- 

- 

12  0 

(n)  Instrumentation  of  ice  boom  St. 

Marys  River 

- 

- 

67  tl 

- 

67.0 

to)  Shore  erosion  and  structure  damage 

- 

- 

- 

45(1 

- 

450 

(p)  Analytical  study  St  Clair  River 

phvsical  hydraulic  ice  model 

- 

4- 

- 

- 

10.0 

10  0 

(q)  St  Clair  River  physical 

t 

hvdraulic  ice  model 

- 

- 

- 

- 

311  6 

187  4 

494  0 

(r)  St  Clair  River  model  field 

, 

\ 

data  support 

- 

• 

• 

22  8 

22  (1 

44  8 

(s)  St  Lawrence  River  levels  and  flows 

- 

- 

• 

Xb 

2<0 

77.6 

(t)  Madeline  Island  airhoat  tests 

- 

- 

■ 

1  8 

V 

1  8 

lu)  Winter  Navigation  Reporting  Center 

operation 

- 

- 

• 

10  0 

III  II 

20  0 

( v  >  Shore  erosion  dock  damage 

- 

- 

• 

• 

154 

50  II 

65  4 

(w)  (ialop  Island  flow  distruhution 

- 

■ 

* 

■> 

■>  ■> 

(  orps  of  Engineers  -  St.  Paul  District, 

- 

lal  Preparation  of  a  report  on  FY-71 

Duluth  Harhor  bubbler  svqem 

5.0 

- 

• 

• 

• 

• 

5  0 

(h)  Superior  Harbor  entrance  bubbler 

system 

• 

50 

- 

- 

* 

5  0 

(cl  Howards  Ba\.  Superior  Harbor 

bubbler  system 

•  * 

55  0 

60  0 

* 

* 

• 

* 

II5.II 

Corps  of  Engineers  -  Buffalo  District 

Niagara  River  ice  boom  study 

• 

120 

- 

- 

• 

- 

1* 

f  ,S.  Fish  and  Wildlife  Service 

Fnvironmcntal  data  collection.  Saginaw 

Bas  thermal  ice  suppression  test 

- 

25.0 

40  0 

180 

65(1 

- 

* 

148  0 

Documentation  mathmetical  model 

7  0 

30 

lOTAl  ■  ICE  MANAGEMENT 

93  0 

334.8 

145  7 

579  2 

1(8)4  4 

89  1 

505  9 

766  6 

71187 

116 
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TABLE  IV  (continued) 

ICE  NAVIGATION 


l  .S.  C*(MKt  Guard 

(a)  Water  bubbler  test  on  USCG 

1972 

1973 

1974 

1975 

1976  1977 

197*  I979(i) 

TOTAI 

RARITAN 

(h)  Hollow* The- Wire  navaid  test. 

S  60.2 

S  - 

S  - 

S  - 

S  -  s  - 

S  -  S  . 

S  60.2 

Muskegon  Harbor 

2.2 

■- 

- 

- 

- 

- 

2  2 

(cl  Icebreaker  support  in  Straits  area 

Id)  Kited  and  floating  aids  to  navigation 

AS,0 

“ 

* 

" 

' 

lx  0 

tests 

(cl  1  aser  range  and  radio  transponder 
beacon  (RACON)  aids  to  navigation 

17  0 

1 10.0 

75.0 

25.1) 

227(1 

test 

26 

J3  2 

15(1 

• 

- 

sax 

Hi  Crew  salctv  and  survival  tests 

(g)  Huhbler-wirc  guidance  system  studies 

125  0 

240.0 

35  (1 

:.s  o 

' 

425  0 

and  design  lor  Whiteitsh  Bay 
<h)  Water  cannon  non-conventional 

" 

22.1 

’ 

* 

• 

“ 

22  1 

icebreaking  lests 

- 

23.7 

• 

• 

• 

- 

M  7 

l  ll  1  oran-C  navigation  system  development 

Maritime  Administration 

(al  Precise  laser  Radar  Aid  to  Navigation 
Svstcin  ( PI  ANS  PRANS)  lests  and 

1X3 II 

1 7()  (I 

tsto 

development 

50  0 

2 IK  0 

7X0 

Hill 

• 

156  0 

(hi  Sociological  assessment  questionnaire 

St.  Lawrence  Seawav  Development  (orporation 

Precise  All-Weather  Navigation  System 

15.0 

» 

1  PAWNS)  development 

* 

* 

* 

125  0 

ion 

71X10 

II 

lt)l  \!  -  ICI  NAVIGATION 

170(1 

532  0 

4<m  o 

2  in  o 

MS  IS 

X7IIII 

242N  o 

ICECONTROt. 

St.  Lawrence  Seaway  Development  Corporation 

1972 

1973 

1974  1975 

1976  1977  197*  1979(1)  TOTAI 

la)  Procure  conceptual  designs  of  ice 

control  structures 

S50  0 

- 

- 

S  50(1 

(b)  Ogdensburg- Prescott  ice  boom  gate 

(c)  Svstem  Plan  lor  All-Year  Navigation 

‘ 

400,0 

25.0 

425  0 

(SPAN)  Study 

- 

200  0 

25  0 

2250 

TABLE  IV  (continued) 
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ECONOMIC  EVAl.l  ATION 

Economic  Evaluation  of  Work  Group 
activities  and  preparation  of  origin- 
dcsttnalion  traffic  matrices' 

1972 

1973 

1974 

1975 

1976 

1977  197* 

1979G) 

TOTAI 

Cnrps-Dctroit  District  and 

North  Central  Division 

S2  7 

SI2  4 

SIO.O 

S6.6 

SI  (> 

X  .  57  1 

xi?  5 

X  52.9 

l1  S  Coast  Guard 

Si.  I  aurcnce  Sea  wav  Development 

* 

* 

1  0 

* 

• 

1  0 

(  orporatiim 

- 

3  0 

2  0 

* 

- 

■ 

5  0 

Bureau  ol  Economic  Analvsis 

' 

' 

X5  0 

* 

- 

' 

• 

xs.o 

IOI  \l  -  ECONOMIC  EVALUATION 

27 

154 

9X  0 

Mv 

1  ft 

7  | 

1’  x 

147  9 

Pt  BMC  INKIHMVIION  si  K(  OMMITTH 

Preparation  and  issuance  ol  public 
inlormation  brochures  and  news  releases 
and  support  and  coordination  ol 
public  inlormation  activities 

1972  1973 

1974 

1975 

1976 

1977 

I97X 

|979(l| 

IOI  M 

l  orps  ot  Engineers  •  Detroit  District 
(ircat  lakes  En\  iron  mental  Research 

S  -  540  X 

54  5 

5  7 

SI  ' 

s  . 

SIS  X 

sum 

X7 1  | 

1  .»Portor\ 

1  0 

1  0 

- 

2  0 

1  S  Coast  (nurd 

St  1  av\  rente  Seawas  Development 

4 

1  0 

1  0 

■»  1 

Corporation 

1  0 

4 

1  0 

1  0 

1  0 

4  4 

Maritime  Administration 

1  0 

1  0 

1  o 

’>  it 

1  nuronmenial  Protection  \gencv 

Cold  Regions  Research  and  Engineering 

• 

* 

1  0 

- 

I  0 

1  0 

1  0 

1  ahoraiorv 

1  0 

1  0 

1 1) 

1  0 

1  0 

S  0 

IOI  M  •  PI  lit  K  INI  ORM  ATION 

•15  2 

79 

Ml 

1  3 

id  s 

140 

*h  : 

119 


i 
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TAB1.E  IV  (continued) 


ENVIRONMENTAL  EVALUATION 


Coordination  and  Review  of  Environ¬ 
mental  Data  Collection.  EIS's  and 

Evaluation  of  Individual  Work  Group 
Activities: 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

I979(l) 

TOTAI 

Environmental  Protection  Agency 

5  40 

SI3.S 

$  18  6 

$  20.0 

S  24.0 

S  5  0 

5  26.0 

5  26  0 

S  177  1 

I'.S  Kish  and  Wildlife  Service 

10  0 

41.0 

26.0 

26.0 

35  0 

. 

28.6 

26  0 

192.6 

Bureau  of  Outdoor  Recreation 

8.0 

20.0 

14.0 

14.0 

23  0 

4  7 

_ 

87.7 

U.S.  Coast  Guard 

Great  Lakes  Environmental  Research 

.3 

4.0 

.3 

19  0 

- 

46 

9  0 

17  2 

Laboratory 

20 

5.0 

4.0 

4.0 

44 

5.0 

4  0 

28.4 

Corps  of  Engineers-  Detroit  District 

- 

7.0 

14.1 

12  1 

18  6 

7  1 

43  8 

17  4 

112.2 

St  Lawrence  Seaway  Development  Corp. 

- 

- 

- 

- 

. 

20  0 

16  4 

76.4 

Maritime  Administration 

l  ,S.  Kish  and  W  ildlife  Service 

(a)  hsh  Study  and  Turbulence  Effects 
on  Shallow  Water  Sediment 

1  0 

1  0 

and  Organisms 

(b)  Coordinate  Demonstration  Activities 
and  relate  to  total  system 

42.0 

* 

" 

* 

42  0 

investigated  hv  the  Survey  Study 
(cl  Studv  of  distribution  and  abundance 
of  macrobcnthos.  lower  St. 

' 

' 

17  5 

* 

* 

1  7  s 

Clair  River 

SI.  laiwrrncr  River  Environmental  Studv 

21  0 

21  o 

1'  S  Hish  and  Wildlife  Service 

. 

. 

. 

700 

225  o 

294  0 

St.  1  awrenee  Seawav  Development  Corp 

-• 

• 

. 

. 

199(1 

. 

199  0 

Bureau  of  Outdoor  Recreation 

(  orps  of  Engineers  •  St.  Paul  District 

16  0 

160 

Bubbler  system.  Duluth-Superior  Harbor 

Great  lakes  Basin  Commission 

(a)  Environmental  studies  coordinator 
and  Environmental  Monitoring  Plan 

80 

30.0 

78  0 

refinement 

thl  Evaluation  ol  benthic  dislocation 
due  to  an  induced  wave  in 

70  0 

70  0 

an  ice  environment’ 

(cl  Effects  of  winter  navigation  on  water¬ 
fowl  and  raptorial  buds.  St 

10  0 

10  0 

Marys  River 

- 

•• 

* 

• 

- 

20  0 

20  0 

120 


TABLE  IV  (continued) 
ENVIRONMENTAL  EVALUATION 


1972  1973  1974  1975  1976  1977  197S  I979<‘)  TOTAL 


(d)  Effects  of  ship  induced  waves 

in  an  ice  environment  on 
the  St.  Marys  River  ecosystem 

(e)  Ship  induced  waves  -  ice  and 

physical  measurements  on  the 
St.  Marys  River 

(f)  Fisheries  study 

(g)  Analysis  of  control  sites 

(Paired  Sites)  glaciological 
and  limnological  portion 

(h)  Comparative  study  -  St.  Marys  and 

St  •  nwrence  Rivers 
ID  Waterfowl,  waterbirds.  and  raptors. 
St.  Lawrence  River 


IOI  VI  -  ENVIRONMENTAL  EVALUATION  24.0  94  X  110  7  11X  4  356  5  X2 X  175  0  44  ’  4  16096 


sx 

0 

5X  0 

22 

0 

22.0 

60 

0 

60,0 

xs 

0 

X5  0 

M 

> 

2'  1 

44 

44. ' 

44’ 

4 

1609  6 

PROGRAM  MANAGE  MEM 


1972  1973  1974  1975  1976  1977  I97X 


(  orps  ■  Detroit  District  and 
North  <  entral  Division 


1 979|  •' )  IOTVI 


li.ivcl  reproduction,  report  preparation, 
pas  loll,  organization,  scheduling, 
planning  and  design  costs  lor 
overall  management  ol  Demonstration 


Sill  3  $  IXI  4  s  192  5  S  216  I  5  Ut  2  5 


s  MOO  X  2611  n  s  i  aaa 


Nt,  I  assrenee  Seaway  Development 
(  orporalion 

I  ethnical  Review  P.n.-I  review  ol 
IVmonstration  Program  activities 

IOI  VI  -  PROtiR \M  MANAGEMFM  III' 


'll  0 

1X14  192  5  246  '  '4'i 


140  0  260  0  I  4'4  ■ 


IGallocalion  to  survev  siudv  ....  .  .  .  -  1x7  x 

IOI  VI  ■  Vllncated  or  expended 

Demonstration  Program  lunds  744  0  2  '’4  0  1747  5  I.X2X  4  2.645  1  '610  2  '00 0  1X6X  0  I '  66X  II 


IOI  VI  -  ^cumulated  i  unds  Allotted  7440  '.11X0  4.665  X  6.49'9  9  I '9  0  OsikIii  0  X000  I'  66X  II 
IOI  VI  -  Veemmilaled  Expenditures  744  0  '0220  46164  63X6  2  9.|'7  4  94X9  2  II  472  ’  "66XO 


Coast  Guard  Cutter  at  work. 


General  cargo  study 

In  April  of  1 974  the  Bureau  of  Economic  Analysts 
completed  for  the  Win'er  Navigation  Board  a  study  en¬ 
titled;  ’Extending  the  Great  Lakes-St.  Lawrence 
Seaway  Shipping  Season:  The  Economic  Effects  on 
General  Cargo  and  Related  Indus»ries."  The  purpose 
of  this  study  was  to  evaluate  the  economic  impact  of 
general  cargo  movements  and  the  further  direct,  in¬ 
direct.  and  induced  economic  effects  on  an  eleven  state 
study  area,  as  a  consequence  of  extending  the  shipping 
season  on  the  Great  Lakes-St.  Lawrence  Seaway  The 
eleven  state  region  consisted  of  Ohio,  Michigan,  In¬ 
diana,  Illinois,  Wisconsin,  Minnesota,  Iowa. 
Nebraska,  South  Dakota,  North  Dakota,  and  Wyom¬ 
ing. 

The  evaluation  was  based  on  ( 1 1  primary-impact, 
transport-sensitivity  model.  (2)  a  secondary  economic 
impact  model,  and  (3)  preliminary  aggregate  estimates 
of  the  total  economic  impact  on  the  study  area  as  a 
whole  Further  refiner, i,  ,t  of  the  models  which  was 
planned  for  a  „.\'o.  ,i  .'’  ase  of  the  study  was  not  con¬ 
ducted.  The  approach  used  avoids  the  confusion  of 
benefits  due  to  other  public  and  private  investments 
which  would  have  occurred  without  season  extension, 
with  those  due  solely  to  season  extension. 

The  study  indicated  the  study  area  as  a  whole  has 
been  growing  at  a  rate  somewhat  slower  than  the  Na¬ 
tion  in  recent  his'ory  and  the  season  extension 
program,  with  respect'  to  general  cargo  movements, 
would  offset  part  of  this  relative  decline,  particularly  in 
the  manufacturing  states  in  the  study  area.  Informa- 
pon  aquired  during  the  study  was  used  in  preparation 
of  the  survey  study 

Work  group  cost  data 

The  cost  data  compiled  from  each  work  group 
consisted  of  the  material,  installation,  operation,  and 
maintenance  costs  associated  with  a  given  work  activi¬ 


ty.  In  addition,  data  on  the  effectiveness  of  various  ac¬ 
tivities  were  obtained  The  cost  and  effectiveness  data, 
which  "'ere  collected  during  the  Demonstration 
Program  nave  been  evaluated  and  will  be  utilized  to  in¬ 
sure  that  the  most  cost-effective  measures  tested  during 
the  Demonstration  Program  will  be  selected  for  use  in 
any  plans  of  improvement  to  extend  the  navigation 
seaso;..  The  total  costs  of  specific  FY  72-FY  79 
Demonstration  Program  activities,  by  work  group  and 
by  expenditures,  chargeable  to  various  items  are 
depic.ed  in  Table  IV  The  FY  79  funds  are  estimated 
costs  pending  financial  closeout. 


Canadian  co-participation 


The  Canadian  Government  has  not,  as  of  this 
writing,  issued  a  formal  statement  tegardmg  their  posi¬ 
tion  concerning  an  extended  navigation  season.  There 
has  been,  however,,  informal  cooperation  between 
various  agencies  of  both  government  in  an  effort  to 
keep  the  Canadian  Government  informed  about  an 
issue  of  concern  to  both  neighboring  countries. 


Winter  Navigation  Toard  and  Working  Com¬ 
mittee 

Li  an  observer  status.  Canadian  representation 
throughout  the  Demonstration  Program  has  been  pre¬ 
sent  on  both  the  Winter  Navigation  Board  and  the 
Working  Committee.  The  St.  Lawrence  Seaway 
Development  Corporation  has  worked  closely  with  its 
operational  Canadian  counterpart.  The  St  Lawrence 
Seaway  Authority,  and  the  Canadian  Marine 
Transportation  Administration. 


The  Canadian  Griffon  breaks  we  in  the  St.  Marys 
River. 
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The  Canadian  Marine  Transput  union  Ad- 
ministralion,  Mimslry  of  Transport,  has  prepared  An¬ 
nual  Reports ondata collection onthe Great  Lakes- St. 
Lawrence  Seaway  System.  Included  in  these  reports 
are  studies  on  ice  coverage  and  conditions  ail  observed 
both  from  their  icebreaking  research  vessels  and  from 
aerial  lly-overs.  In  addition,  the  Canadians 
documented  ice  thickness,  shore  observations,  hydro¬ 
meteorological  data,  icebreaking  operations  and 
operational  problems  as  they  occurred.  The  data 
collected  are  intended  to  be  compared  with  past  and 
possibly  future  studies  pertaining  to  an  extension  ol 
(he  navigation  season. 
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Joint  U.S.-Canadian  Icebreaking  Guide 

The  U.S.  and  Canadian  Coast  Guards  cooperated 
in  the  publication  of  a  Joint  U.S.  Coast  Guard - 
Canadian  Coast  Guard  Guide  to  Great  Lakes  Ice 
Navigation  to  coordinate  the  standardised  ice  naviga¬ 
tion  activities.  The  guide  summarizes  information 
available  to  shippers  with  regard  to  communication 
and  reporting  procedures  for  ships  leaving  ports,  up- 
to-date  ice  chart  broadcasts,  weather  forecasis  and 
winter  navigation  data  transmitted  periodically  by  the 
Ice  Navigation  Center.  Advice  and  requirements  for 
ships  operating  in  ice  both  independently  and  with 
icebreaker  support  is  supplied  in  the  publication  as 
well.  The  guide  also  providesa  summary  of  anticipated 
ice  conditions  through  the  Great  Lakes. 

Seaway  Corporation/  Seawav  Authority  coordina¬ 
tion 

The  two  Seaway  entities,  the  St.  Lawrence 
Seaway  Development  Corporation  of  the  United 
States  and  the  St.  Lawrence  Seaway  Authority  of 
Canada  are  authorized  by  their  respective  enabling 
legislation  to  coordinate  their  activities  directiv 
Season  extension  coordination  between  the  entities 
has  proceeded  underthissatneauthority  Onc.exnmplc 
of  coordination  includes  the  frequent  meetings 
b'tween  the  entities  each  year  to  reach  agreement  on 
navigation  season  closings  and  openings,  lnudditton.a 
joint  SLSDC/  SLSA  task  group  on  navigation  season 
extension  coordinates  study  efforts  and  data  exchange 
and  proposes  joint,  in-house  programs  'or  incremental 
extensions.  Finally.  Seaway  Authority  representatives 
have  participated  as  observers  on  the  Ice  Control 
Woik  Group  (chaired  by  SI  SIX')  and  the  Ad  Hoc 
Committee  on  St.  Lawrence  River  Demonstration  Ac¬ 
tivities  (chaired  by  NOAA-GI.r.RI  ). 


Public  involvement 


St  Marys  Rorr  Operational  Plan 

Near  the  end  ol  each  vear  at  Sault  Ste  Mane. 
Michigan,  participating  agencies,  organizations, 
governments  and  businesses  with  a  common  interest  in 
the  St.  Marys  River  Demonstration  I’togram  meet  to 
look  ahead  at  the  coming  year  The  puipose  ol  the 
meeting  is  to  develop  a  plan  which  will  allow  the  Si. 
Marvs  River  system  to  function  as  normally  as  possible 


and  at  the  same  time  to  allow  commetcial  navigation  to 
continue  as  long  as  possible  into  the  winter  season. 

Primary  elements  in  the  planning  involve 
provisions  for  the  transportation  of  inhabitants  for  the 
four  major  islands  in  the  area  and  for  icebreaking  ac¬ 
tivity.  Also  included  in  the  procedure  are  steps  for  the 
halting  of  ship  traffic  in  the  system  should  island 
transportation  be  jeopardized.  At  the  conclusion  oft  he 
annual  meeting,  a  press  conference  is  held  to  provide 
concerned  local  residents  with  information  relating  to 
the  coming  year.  In  FY  78  the  meeting  was  followed  by 
a  public  meeting  to  permit  area  residents  to  discuss 
their  views. 

Public  meetings  and  workshops 

Public  involvement  in  the  planning  process  is  a 
vital  key  to  public  acceptance  and  to  the  eventual  im¬ 
plementation  of  a  plan.  Public  meetings  and  public 
workshops  are  two  methods  of  achieving  effective  in¬ 
volvement. 

Public  meetings  were  established  to  inform  the 
public  about  studies  and  proposals  relating  to  the 
winter  navigation  program  and  to  provide  an  informal 
arena  for  the  exchange  of  views  and  peilmcni  informa¬ 
tion  The  workshops,  on  the  other  hand,  functioned  in 
a  small,  less  structured  format  in  which  mixed  in¬ 
terested  groups  discussed  issues  nnd  recommended 
problem  solutions. 

On  17  February  117.1a  public  meeting  was  held  at 
Si  lgnucc.  Michigan.  As  the  result  of  a  Congressional 
inqmrv  the  Detroit  District  iingineer  attended  as  a 
representative  of  the  Winter  Navigation  Board  The 
meeting  was  scheduled  with  residents  of  Drummond 
Island.  Chippewa  County  officials,  the  U  S  Coast 
Guard,  and  the  U.S  Ai my  Corps  ol  Engineers  to  hear 
complaints  from  area  re  indents  on  Drummond  Island 
concerning  interruption  ol  terry  service  allegedly 
resulting  Irom  the  extended  navigation  season,  (he 
meeting  resulted  in  a  studv  of  conditions  at  Drum¬ 
mond  Island  which  concluded  that  Winter  Navigation 
had  no  effect  on  Drummond  Island  terry  operations. 

A  public  workshop  was  held  in  July  1175  at  Sault 
Ste  Marie.  Michigan,  to  obtain  public  views,  ideas  and 
concerns  icgaidmg  thccffectsand  problems  relating  to 
die  sale  management  ol  shorelines  affected  bv  winter 
vessel  transits  The  workshop  also  included  the  presen¬ 
tation  ol  ’he  results  ol  a  studv  conducted  in  1974  on  t  hi 
effects  ol  winter  navigation  to  this  shoreline 

A  public  meeting  was  also  held  January  1177  al 
the  Soo  to  obtain  public  needs  nnd  viewpoints  relative 
lo  the  navigation  season  extension  survey  and  the 
Demonstration  Program.  Concepts  dealing  with  the 
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future  directions  of  both  the  Survey  and  the 
Demonstration  Program  were  presented  to  the  public 
in  Cleveland  in  October  1977. 

On  I  August  1978  a  public  meeting  was  held  in 
Alexandria  Bay.  New  York.  The  purpose  of  the 
meeting  was  to  inform  the  residents  of  the  St. 
Lawrence  River  of  the  preparations  the  Winter 
Navigation  Board  proposed  for  the  demonstration  on 
the  St.  Lawrence  River  for  the  winter  of  l978-79andto 
answer  their  questions  relating  to  those  plans. 

Winter  Navigation  Board  and  Working  Committee 
meetings 

Throughout  the  eight  years  of  the  program  .72 
Board  nettings  and  42  Working  Committee  meetings 
have  Ikx..  <ield  at  various  locations  on  the  Great  Lakes- 
St.  Lawrence  Seaway  system.  At  these  meetings  the 
various  involved  agencies  discuss  the  progress  and 
goals  of  Winter  Navigation  activities.  The  meetings  are 
open  to  the  public  and  members  of  the  public  are 
allowed  to  provide  formal  statements  on  their  views. 

Public  opinion 

The  Demonstration  Program  and  Survey  Study 
ure  separate  and  distinct.  Each  has  a  separate  function 
as  described  in  the  authorizing  legist:' ’ion 

Potential  impacts  which  may  result  from  an  ex¬ 
tended  navigation  season  have  made  season  extension 
on  the  Great  Lakes  and  St.  Lawrence  Seaway  Systems 
controversial  issue  Public  involvement  activities  have 
served  to  highlight  these  concerns. 

Governmental,  organizational,  and  individual  en¬ 
vironmental  concerns  have  raised  objections  to  the  ex¬ 
tension  of  the  season.  Opposition  has  also  been  voiced 
by  others,  including  the  State  of  New  York,  the  New 
York  Department  of  Environmental  Conservation 
(NYDEC).  hydroelectric  power  entities  (Power 
Authority  ol  the  Stute  of  .'.ew  York,  Soo  Edison), 
sport  groups,  and  tourism  concerns.  Riparians, 
alfected  island  residents,  freight  railroads,  and  coastal 
zone  management  agencies  have  raised  issues  of  con¬ 
cern  Certain  Congressmen  and  some  trade  unions  as 
well  as  some  private  citizens  are  opposed  to  the  exten¬ 
sion  ot  the  navigation  season. 
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Coast  Guard  Cutter  al  work. 


Those  who  are  in  favor  of  the  season  extension  ol 
the  System  include  industrial  interests,  including  those 
ol  steel,  grain,  power,  coal,  petroleum  and  mining, 
domestic  and  foreign  shippers  (import  and  export)  and 
ship  owners  and  operators  The  St.  Lawrence  Seaway 
Authority  and  several  Port  Authorities  support  the 
program.  Proponents  also  include  some  Congressmen 
and  t  adc  unions  and  some  private  citizens.  The  State 
of  M.ch’gan  has  issued  a  statement  supporting  a 
modest,  yet  flexible,  extension  on  the  upper  four  Great 
I  ake»,  provided  a  number  of  environmental, 
economic,  and  operational  conditions  are  met. 


Others  have  expressed  concern,  but  remain  un¬ 
committed  at  this  writing.  The  States  of  Wisconsin, 
Minnesota.  Illinois.  lndiana..Ohio.  Pennsylvania,  and 
the  Government  of  Canada  have  not  issued  formal 
statements  regarding  their  position. 

The  controversy  with  navigation  season  extension 
is  based  on  a  number  of  issues. 

Agencies  with  environmental  expertise  and 
responsibilities  and  environmentalists  point  out  poten¬ 
tial  damage  to  natural  resources  (fisheries,  wildlife, 
etc.),  and  possible  adverse  effects  of  dredging,  The 
results  ol  an  environmental  assessment  (NYDEC)  in¬ 


dicated  irreversible  adverse  effects  to  the  environment 
due  to  the  Demonstration  Program. 

Potential  shore  erosion  and  shore  structure 
damage  are  a  major  issue  of  contention.  The  threat  of 
oil  and  hazardous  substance  spills,  possible  changes  to 
levels  and  flows  in  the  system,  and  cross-chunne) 
transportation  (island-mainland),  are  also  issues. 
Private  industry  and  governmental  agencies  have 
questioned  whether  water  intakes  and  sewer  outflows 
will  be  affected  by  projected  water  levels  in  the 
program. 

Tourism,  railroad  concerns,  and  riparians  have 
raised  brought  up  the  matter  of  potential  economic 
losses  of  season  extension.  Social  problems  involve 
port  personnel  (schedules,  safe  working  conditions) 
and  recreation  (ice  fishing,  snowmobiling.etc.).  Power 
entities  question  the  liability  regarding  flooding,  and 
the  potential  problems  of  winter  navigation  though  ice 
booms,  which  are  installed  to  provide  a  stable  ice  cover 
above  generating  plants. 

Winter  Navigation  Seminar 

In  December  1973.  the  Department  of  the  Army 
sponsored  a  Great  Lakes  and  St.  Lawrence  Seaway 
navigation  seminar  at  Detroit.  The  purpose  of  the 
seminur  was  to  furnish  the  public  with  further  informa¬ 
tion  regarding  the  winter  navigation  program  and  to 
provide  a  forum  for  the  expression  of  views  and  discus¬ 
sion  by  all  parties  with  an  interest  in  the  program. 

Panin.1  Information  Brochures 

Another  effective  means  of  public  involvement  is 
the  use  of  concise  information  publications.  During 
the  first  two  years  of  the  program,  two  fact  sheets  were 
produced,  stating  the  purpose  of  the  program  and 
plans  for  program  activities.  In  May  1978.  the  publica¬ 
tion.  Winter  Navigator  was  put  out  by  the  Public  In¬ 
volvement  Sub-Committee. 
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Great  Lakes  tug  assists  carrier. 


PART  IV:  FINDINGS  AND  CONCLUSIONS 


Findings:  The  overall  finding  during  the  eight 
years  of  the  Demonstration  Program  is  that  the 
traditional  navigation  season  on  the  Great  Lakes- St. 
Lawrence  Seaway  System  has  been  successfully  ex¬ 
tended. 

Commercial  navigation  hat  succetsfully  been  ex¬ 
tended  beyond  the  historic  closing  date'  of  16 
December  on  the  upper  four  Gre^t  Lakes  and  connec¬ 
ting  channels  during  every  year  of  the  program.  Year- 
round  shipping  was  achieved  during  the  latter  five 
years.  On  the  St.  Lawrence  River,  where  historically 
thp  season  extended  from  mid-April  to  early 
December,  the  longest  commercial  season  in  history 
was  recorded  in  1 975  with  a  25  Marchopenmganda20 
December  closing. 

As  discussed  in  the  following  paragraphs,  specific 
findings  resulted  from  Demonstration  Program  ac¬ 
tivities  in  the  areas  of  ship  movement  through  ice, 
navigation  aids,  ice  and  weather  information,  crew 
safety  and  survival,  ice  control,  and  island  transporta¬ 
tion.  In  addition,  under  an  ongoing  program,  year- 
round  lock  operation  was  demonstrated. 

I  Movement  of  vessels  through  winter  ice  con¬ 
ditions  was  demonstrated. 

The  use  of  preventative  icebreaking  and  the  use  of 
ship  convoys  were  useful  tools  in  moving  vessels 
through  ice.  The  use  of  air  bubbler  systems  and  a  ther¬ 
mal  ice  suppression  system  were  both  effective  in 
melting  or  reducing  ice  cover  and  easing  vessel  move¬ 
ment  through  areas  of  stable  ice  cover.  The  air  bubbler 


systems  also  allowed  vessels  to  maneuver  in  confined 
areas  of  the  Duluth-Supenor  Harbor.  The  bubbler 
system  at  the  Lime  Island  Turn  in  the  St.  Marys  River 
showed  the  practicability  of  this  type  of  system  in 
reducing  ice  thicknesses  in  a  river  and  demonstrated  its 
use  in  aiding  the  turning  of  the  long  lake  vessels. 

’.  Navigation  aids  suitable  for  use  in  varying  ice 
and  weather  conditions  were  onlv  partially  successful. 

Specially  designed  ice  buoys  for  use  under  ice  con¬ 
ditions  showed  some  success,  but  due  to  their  limited 
utility,  emphasis  was  placed  on  developing  various 
electronic  navigation  systems.  A  mini-Loran  C  naviga¬ 
tion  system  was  used  on  the  St.  Marys  River,  but  its  ac¬ 
curacy  within  narrow  channels  has  not  yet  been 
demonstrated.  A  Precise  All  Weather  Navigation 
System  (PAWNS)  was  not  fully  demonstrated  during 
the  program.  Radar  transponder  beacons  (RACONS) 
successfully  extended  the  range  and  utility  of  ship¬ 
board  radar  units. 


3.  Weather  and  ice  information  are  required  bv 
vessel  operators  for  safe  transit  through  the  svstem. 

Weather  and  ice  information  was  disseminated  by 
a  special  Ice  Navigation  Center  at  the  Ninth  Coast 
Guard  District  Headquarters  in  Cleveland.  Ohio  in 
coordination  with  the  National  Weather  Service. 
Aenal  reconnaissance  and  Side-Looking  Airborne 
Radar  (SLAR).  were  sucessfully  used  as  inputs  to  the 
ice  information  portion  of  the  program.  The  aenal 
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SLAR  image  of  Lake  Erie. 


reconnaissance  and  SLAR  provided  real-time  infor¬ 
mation  on  the  extent  of  ice  cover.  Methods  of 
providing  both  long  and  short  range  icc  forecasts  for 
all  areas  of  the  Great  Lakes  were  developed  by  the 
National  Oceanic  and  Atmospheric  Administration. 
Ice  forecast  servicesare  furnished  by  National  Weather 
Service  Forecast  offices  in  Ann  Arbor,  Michigan,  and 
Buffalo,  New  York.  A  model  was  developed  to  predict 
the  ice  breakup  period  in  the  St.  Lawrence  River.  The 
ice  breakup  forecast  technique  is  used  to  allow  advance 
scheduling  of  ocean  trade  vessels  into  ihe  system. 

4.  Crew  safety  and  survival  can  be  aided  hv  tested 
and  approved  survival  equipment. 

Crew  safety  and  survival  in  an  extended  season 
were  given  considerable  attention.  The  Coast  Guard 
field  tested  and  evaluated  a  variety  of  personnel  ex¬ 
posure  suits  and  survival  equipment  Several  types  of 
exposure  suits  have  been  approved  for  use  by  shippers 
by  the  Coast  Guard.  Emergency  Position  Indicating 
Radio  Beacons  (EPIRBs)  and  hand  held  radar 
transponders  have  shown  effectiveness  in  pinpointing 
the  location  of  both  ships  and  personnel,  enhancing  the 
efficiency  of  search  and  rescue  operations 

5.  Ice  control  structures  can  be  designed  to  permit 
navigation  through  them  while  maintaining  a  stable  ice 
( over  and  minimizing  ice  tarns. 

Ice  jams  in  constricted  portions  of  the  system,  es¬ 
pecially  the  St.  Marys.  St  Lawrence,  and  St.  Clair 
Rivers,  can  prevent  the  passage  of  all  but  a  few  vessels 
with  substantial  ice  operating  capabilities.  The  jams 
also  cause  flooding  problems  and  in  some  cases  reduce 
the  flow  of  water  to  power  plants  and  municipal  in¬ 
takes  The  annual  installation  of  a  navigation  ice  boom 
and  other  structures  at  the  head  of  Little  Rapids  Cut  in 
•he  St.  Marys  River  allowed  vessel  movement  to  con¬ 
tinue  year-round  during  four  of  the  last  five  years  of  the 


program  with  no  major  ice  problems  occurring. 
Similar,  but  limited,  demonstrations  were  conducted 
at  Copeland  Cut  in  the  St.  Lawrence  River  with  the 
same  results.  Model  studies  were  conducted  in  FY  79 
to  determine  the  type  and  effectiveness  of  ice  control 
structures  needed  at  the  head  of  the  St.  Clair  River. 

6.  Operations  at  the  locks  at  Sault  Ste  Marie, 
Michigan,  demonstrated  that  vear  round  lock 
operations  are  possible. 

Under  ongoing  investigations,  systems  for 
winterizing  lock  operating  machinery  were  successful¬ 
ly  demonstrated.  The  use  of  co-polymer  coatings  and 
'teamlmcs  were  effective  in  removing  ice  from  lock 
walls.  A  buobler  system  and  air  curtain  were  effective 
in  keeping  floating  ice  out  of  gate  recesses  and  limiting 
the  amount  of  ice  entering  locks.  Protective  housing 
and  the  use  of  heated  cables  helped  prevent  ice  buildup 
on  lock  gate  machinery. 

7  Extended  season  navigation  has  ihe.poiential  to 
contribute  to  shore  erosion  problems  and  increased 
damage  to  docks. 

Siudies  conducted  during  the  program  have  in¬ 
dicated  that  winter  navigation  has  the  potential  to  con¬ 
tribute  to  increased  shore  erosion  and  damage  to  docks 
in  limited  areas  of  the  connecting  channels  including 
the  St.  Marys.  St.  Clair  and  St.  Lawrence  Rivers. 
Further  investigation  is  required  to  distinguish 
between  that  damage  occuring  below  the  ordinary  high 
water  mark  which  is  caused  by  ship  movement  in  ice 
and  that  caused  by  natural  ice  movement 

H  Transportation  lor  island  residents  can  be  main¬ 
tained  sslule  permuting  navigation  through  the  area. 

To  test  means  of  improving  the  ice  operating 
capabilities  of  the  Sugar  Island  ferry,  several 
modifications  were  made  to  its  hull  and  power  corn- 
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ponents.  These  modifications  enabled  the  ferry  to 
operate  in  moving  ice  floes.  The  installation  of  the  St. 
Marys  River  ice  boom  above  Little  Rapids  Cut  reduc¬ 
ed  the  amount  of  ice  moving  down  the  Cut.  further  in¬ 
creasing  the  ferry’s  capabilities.  Additionally,  the  in¬ 
stallation  of  an  air  bubbler-flusher  unit  at  the  Sugar 
Island  ferry  mainland  dock,  to  create  a  surface  current 
to  physically  flush  ice  away  from  the  dock,  enabled  the 
ferry  to  land  more  easily.  An  airboat  was  utilized  at 
Lime  Island  to  provide  transportation  for  the  residents 
of  that  Island.  During  the  program,  several  im¬ 
provements  were  made  to  the  airboat  but  the  residents 
have  expressed  dissatisfaction  with  this  form  of 
transportation. 

9.  Unresolved  questions  precluded  actual 
demonstration  of  extended  commercial  navigation  on 
the  St.  Lawrence  River. 

The  upper  four  Great  Lakes  and  their  connecting 
channels  are  significantly  different,  both  physically 
and  administratively,  from  the  lower  portion  of  the 
system. 

On  the  upper  four  Great  Lakes,  the  program  was 
carried  out  essentially  in  the  United  States  waters  and 
did  not  require  co-participating  involvement  of 
Canada.  In  the  St.  Lawrenre  Seaway,  activities  were  in 
the  waters  of  both  Canada  and  the  United  States  and 
could  not  be  implemented  to  the  same  extent,  that  is  in¬ 
cluding  full  vessel  tests  and  similar  winter  operations, 
without  substantial  improvements  in  the  all-Canadian 
portion  of  the  St.  Lawrence  River.  In  addition,  opposi¬ 
tion  by  power  entities  initially  delayed  Demonstration 
Program  execution  on  the  St.  Lawrence  Seaway  por¬ 
tion  of  the  system. 

The  Board  under  these  circumstances  stressed 
operation  on  the  upper  four  Great  Lakes  in  order  to 
obtain  prototype  information  and  delayed  such  tests  in 
the  St.  Lawrence  River  towards  the  end  of  the  program 
in  the  belief  that  sufficient  technical  data  would  be  ac¬ 
quired  in  the  course  of  the  program  to  allow  resolution 
of  the  questions  raised  by  local  interests  and  New  York 
State.  Strong  opposition  by  .local  interests,  including 
the  State  of  New  York,  finally  precluded  full 
Demonstration  Program  execution  on  the  St. 
Lawrence  Seaway  portion  of  the  system. 

In  their  1976  report  the  Board  requested  that  in 
view  of  these  circumstances  on  the  St.  Lawrence 
Seaway.  Congress  provide  two  additional  years  and 
appropriate  funding  to  carry  out  the  St.  Lawrence 
Program  including  vessel  tests.  This  funding  and 
authority  were  provided,  but  the  issues  could  not  be 


resolved  and  comprehensive  vessel  tests  were  never 
carried  out. 

10.  Sufficient  data  on  the  effects  of  extended 
season  navigation  on  the  Great  Lakes  environment  are 
not  currently  available. 

A  limited  number  of  environmental  studies  have 
been  conducted  on  some  of  the  demonstration 
program  activities.  While  this  does  not  comprise  a 
complete  analysis,  adverse  impacts  to  the  environment 
huvc  not  been  documented  in  the  areas  that  have  been 
investigated.  Several  baseline  studies  have  been  ac¬ 
complished  but  they  are  not  sufficient  to  make 
judgments  as  to  the  long  range  effects  of  the  program. 
The  New  York  Department  of  Environmental  Conser¬ 
vation  has  completed  a  study  for  the  Winter  Naviga¬ 
tion  Board  indicating  irreversible  adverseeffectstothe 
environment  would  occur  and  partially  base  their  ob¬ 
jection  to  the  program  on  that  study. 

Conclusions:  The  overall  conclusion  is  that  the 
practicability  of  navigation  season  extension  on  the 
upper  four  lakes  of  the  Great  Lakes-St.  Lawrence 
Seaway  \  vstem  has  been  successfully  demonstrated. 

The  eight  years  of  the  demonstration  program 
have  shown  that  technically  an  extension  of  the 
traditional  navigation  season  is  practicable.  Several 
issues  still  need  to  be  resolved  before  a  permanent 
season  extension  could  be  implemented. 

1.  Before  the  practicability  of  winter  navigation 
in  the  St.  Lawrence  Rivercan  be  determined,  it  must  be 
demonstrated  that  certain  existing  ice  control  struc¬ 
tures  and  related  ice  fields  can  be  safely  transited 
without  disrupting  the  integrity  of  the  ice  fields  and 
adversely  affecting  regulated  water  levels  and  flows  of 
the  river. 

2.  Significant  amounts  of  environmental  baseline 
data  need  to  be  collected  to  establish  parameters 
against  which  to  evaluate  the  extended  season  ac¬ 
tivities  and  to  form  part  of  the  basis  for  measures  and 
practices  that  may  be  necessary  'o  protect  the  natural 
resources  of  the  system. 

3  The  United  States  Government  needs  to  seek 
appropriate  Canadian  participation  in  future  extended 
season  activities.  Their  participation  is  essential  before 
overseas  commercial  shipping  in  the  system  can  be  ex¬ 
tended. 
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Aerial  shows  winter  operation  at  U.S.  Seaway  lock. 


V.  THE  FUTURE 


The  concept  of  a  Demonstration  Program,  as  en¬ 
visioned  by  the  Congress  in  the  authorizing  legislation, 
has  provided  a  unique  and  invaluable  opportunity  for 
determining  the  problems,  identifying  the  issues  and 
testing  site  specific  solutions  for  extended  season 
navigation  on  the  Great  Lakes  and  St.  Lawrence 
Seaway  navigation  system.  In  final  perspective,  the 
Program  has  significantly  increased  the  understanding 
ol  the  winter  environment  and  its  complex¬ 
ity  and  •  has  measurably  advanced  the  state-ol-the- 
art  of  ice  navigation. 

The  Program  hasalso  had  as  an  objective  the  need 
to  provide  to  Congress,  and  to  bring  to  all  interests,  a 
timely  and  meaningful  overview  of  the  possibility  of 
safeand  practical  year-round  navigation  on  the  Fourth 
Seacoast  of  the  United  States.  In  this  objective  it  has 
provided  the  opportunity  for  industry,  labor  and  in¬ 
terested  society  in  general  to  examine,  to  investigate 
and  to  evaluate  the  issues  and  potential  benefits  and 
:osts  ol  winter  navigation.  This  in  itself,  while  fostering 
questions  and  controversy,  has  been  a  continuing 
measure  of  the  importance  and  value  of  the  enabling 
legislation. 


I  hts  Demonstration  Program  Final  Report  does 
not  contain  recommendations  concerning  implemen¬ 
tation  ol  a  navigation  season  extension.  However  the 
results  and  conclusions  obtained  over  the  span  of  eight 
scars  covered  by  the  program  are  being  used  for  for¬ 
mulating  future  plans,  programs  and  recommen¬ 
dations  to  Congress  under  the  survey  study  authority 
ol  Section  107(a).  Public  Luw9l-6I  I.  of  the  1970  River 
and  Harbor  Act. 

Section  107(a)  provides  lor  a  survey  study  to 
determine  the  feasibility  of  means  of  extending  the 
navigation  season  on  the  Great  Lakes  and  St. 
Lawrence  Seaway  System  and  to  determine  the  extent 
ol  Federal  interest,  if  any.  in  an  extended  navigation 
season.  The  Final  Report  lor  the  survey  study  is 
currently  being  prepared  by  the  U.S.  Army  Corps  of 
Engineers  and  is  scheduled  to  be  released  to  the  public 
on  31  December  1979  upon  issuance  of  the  Division 
Engineer.  North  Central  Division,  notice.  The  Final 
Report  would  then  be  forwarded  to  the  Chief  of 
Engineers  office  for  Washingion  level  review  and  coor¬ 
dination  prior  to  submittal  of  the  report  to  the  Con¬ 
gress. 
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Authority 


1970  River  and  Harbor  Act  (PI.  91-61 1 .  December  31, 
1970). 


SECTION  107.  River  and  Harhor  Act  of  197(1 

(a)  The  Secretary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  is  authorised  to  conduct  a  survey  of 
the  Great  Lakes  and  St.  Lawrence  Seaway  to  deter¬ 
mine  the  feasibility  of  means  of  extending  the  naviga¬ 
tion  season  m  accordance  with  the  recommendations 
of  the  Chief  of  Engineers  in  his  report  entitled  "Great 
Lakes  and  St.  Lawrence  Seaway—  Navigation  Season 
Extension". 

fh)  The  Secretary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  in  cooperation  with  the 
Departments  of  Transportation.  Interior,  and  Com¬ 
merce.  including  specificalls  the  Coast  Guard,  the  St. 
Ixtwrenie  Seaway  Development  Corporation,  and  the 
Maritime  Administration:  the  Environmental  Protei- 
non  Agency;  other  interested  Federal  agencies,  and 
Non-  Federal  puhhi  and  private  interests,  is  authorised 
and  directed  to  undertake  a  program  to  demonstrate 
the  practicability  of  extending  the  navigation  season 
on  the  Great  Lakes  and  St-  Lawrence  Seaway.  Such  a 
program  shall  include,  but  not  be  limited  to,  ship 
voyages  extending  beyond'  the  normal  navigation 
season;  observation  and  surveillance  of  tee  conditions 
and  tie  forces;  environmental  and  ecological  in¬ 
vestigations,  collection  of  technical  data  related  to  im¬ 
proved  vessel  design;  ice  control  facilities,  and  aids  to 
navigation:  physical  model  studies;  and  coordinal. on 
of  the  collection  and  dissemination  of  information  to 
shippers  on  weather  and  ice  conditions.  The  Secretary 
of  the  Army,  acting  through  the  Chief  of  Engineers, 


shall  submit  a  report  describing  the  results  of  the 
program  to  the  Congress  not  late'  than  July  30, 1974. 
There  is  authorized  to  be  appropriated  to  the  Secretary 
of  the  Army  not  to  exceed  $6,500,000  to  carry  out  this 
subsection. 

(e)  The  Secretary  of  Commerce,  acting  through 
the  Maritime  Administration,  in  consultation  with 
other  interested  Federal  agencies,  representatives  of 
the  merchant  marine,  insurance  companies,  industry, 
and  other  interested  organizations,  shall  conduct  a 
study  of  ways  and  means  to  provide  reasonable  in¬ 
surant  e  rates  for  shippers  and  vessels  engaged  in  water- 
borne  commerce  on  the  Great  Lakes  and  the  St. 
Lawrence  Seaway  beyond  the  present  navigation 
season,  and  shall  submit  a  report,  together  with  any 
legislative  recommendations,  to  Congress  by  June 30, 
1971." 


Water  Resources  Development  Act  of  1974  (PI.  93- 
251.  March  7.  1974). 


Sec  70.  Section  I07(h)ofthe  River  and  Harbor  Act  of 
1970  (H4  Stat.  1818,  1820)  is  hereby  amended  by 
deleting  "July  30.  1974"  and  inserting  in  lieu  thereof 
“December 31 . 1976".  and deleting  "S6. 500.000“  and  in¬ 
serting  in  lieu  thereof ’$9,500,000  " 


Water  Resources  Development  Act  of  1976  (PI.  94- 
587.  October  22.  1976). 


Sec  107.  Section  107(b)  of  the  River  and  Harbor  Act 
of  1970  (84  Slat.  1818.  1820).  as  amended,  is  further 
amended  by  striking  out  "December  31,  1976’  and  in¬ 
serting  in  lieu  thereof"  September  30,  1979"  and  strik¬ 
ing  out  "$9,500,000"  and  inserting  in  lieu  thereof ’$  15.- 
968.000".  Such  section  1 07(b)  is  fun  her  amended  in  the 
second  sentence  thereof  by  striking  out  "environmental 
and  ecological  investigation ;"  and  inserting  in  lieu 
thereof  ‘environmental  and  ecological  investigations, 
including  an  investigation  of  measures  necessary  to 
ameliorate  any  adverse  impacts  upon  local  com¬ 
munities,". 
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MEMORANDUM  OF  UNDERSTANDING 


Great  Lake*  and  Saint  Lawrence  Seaway  Navigation 
Season  Extension  Demonstration  Program 

Between 

I'.S.  Army  Corps  of  Engineers 
Maritime  Administration 
C.S.  Coast  Guard 

St.  Lawrence  Seaway  Development  Corporation 
National  Oceanic  &  Atmospheric  Administration 
Environmental  Protection  Agency 
Department  of  the  Interior 
Federal  Power  Commission 

1.  This  Memorandum  of  Understanding  prescribes 
the  organisation  and  procedures  for  managing,  coor¬ 
dinating  and  reporting  on  the  program  authorized  by 
Section  107(b)  of  Public  Law  91-61 1  to  demonstrate 
the  practicability  of  extending  the  navigation  season 
on  the  Great  Lakes  and  Saint  Lawrence  Seaway.  It 
covers  the  Federal  agencies  participating  in  the 
program  and  their  relations  with  other  program  par¬ 
ticipants 

2.  AUTHORIZATION 

Section  107(b)  of  the  1970  Rivers  and  Harbors  Act 
(P.L.  91-611)  provides’ 

The  Secretary  of  the  Army,  acting  through  the 
Chiel  of  Engineers,  in  cooperation  with  the 
Departments  ol  Transportation,  Interior,  and  Com¬ 
merce.  including  specifically  the  Coast  Guard,  the 
Saint  Lawrence  Seaway  Development  Corporation, 
and  the  Maritime  Administration:  the  Environmental 
Protection  Agency;  other  interested  Federal  agencies, 
and  non- Federal  public  and  private  interests,  is 


authorized  and  directed  to  undertake  a  program  to 
demonstrate  the  practicability  of  extending  the  naviga¬ 
tion  season  on  the  Great  Lakes  and  Saint  Lawrence 
Seaway.  Such  program  shall  include,  but  not  be 
limited  to.  ship  voyages  extending  beyond  the  normal 
navigation  season;  observation  and  surveillance  of  ice 
conditions  and  ice  forces:  environmental  and 
ecological  investigations:  collection  of  technical  data 
related  to  improved  vessel  design;  ice  control  facilities, 
aids  to  navigation;  physical  model  studies:  and  coor¬ 
dination  of  the  collection  and  dissemination  of  infor¬ 
mation  to  shippers  on  weather  and  ice  conditio  is.  The 
Secretary  of  the  Army,  acting  through  the  Chief  of 
Engineers,  shull  submit  a  report  describing  the  results 
of  the  program  to  the  Congress  not  later  than  July  JO. 
1974.  There  is  authorized  to  be  appropriated  to  the 
Secretary  ol  the  Army  not  to  exceed  S6.500.000  to 
carry  out  this  subsection." 

3.  ORGANIZATION 

The  demonstration  program  will  be  carried  out  by 
elements  ol  the  Federal  Government,  other  public 
agencies,  and  private  entities  as  prescribed  by  law.  The 
organization  lor  management,  coordination  and 
reporting  will  be  as  shown  on  the  chart  in  Inclosure 
91.* 

Uud  Aye/iiiey  The  investigation  and  demonstra¬ 
tion  activities  under  the  program  will  bedivided  initial¬ 
ly  into  seven  program  elements.  One  of  the  Federal 
agencies  will  be  responsible  as  lead  agency  for  execu¬ 
tion  ol  each  program  element,  in  accordance  with  the 
program  assignments  shown  in  Inclosure  91.*  Each 
lead  agency  will  carry  out  its  element  of  the  program 
with  its  own  lorces.  with  support  from  other  govern- 

•Orgam/ation  chart  is  shown  on  page  30  of  this  report. 


1-35 


i 


ment  agencies,  and  by  contract  at  its  own  discretion. 
The  lead  agency  for  each  program  ehment  v,ill  form 
and  chair  a  work  group  of  representatives  of  all  agen¬ 
cies  participating  iri  that  program  element,  in  order  to 
establish  definite  oomts  for  coordination  of  program 
participation. 

Board.  A  Board  of  senior  field  representatives  of  the 
participating  Federal  agencies  and  invited  non-Fede~al 
public  and  private  interests  will  coordinate  planning, 
programming,  budgeting,  execution  and  reporting  of 
investigations  and  demonstration  activities.  The  Divi¬ 
sion  Engineer.  North  Central  Division.  Corps  of 
Engineers,  will  serve  as  Chairman  of  the  Board.  Board 
members  will  forward  coordinated  recommendations 
to  their  respective  headquarters  in  Washington,  where 
they  will  receive  normal  departmental  review  and  in¬ 
terdepartmental  coordination  before  transmittal  by 
the  Secretary  o>  the  Army  to  the  Office  of  Management 
and  Budget  ..nd  the  Congress. 

Working  Committee.  A  Working  Committee  of 
representatives  of  participating  Federal  agencies  and 
invited  non-Federal  public  and  private  interests  will 
pros  ide  continuous  coordination  of  program  activities 
and  will  develop  and  coordinate  olans.  programs, 
budgets,  schedules,  work  descuptions,  and  reports  for 
consideration  by  the  Board.  The  District  Engineer. 
Detroit  District.  Corps  of  Engineers,  will  sferve  as 
Chairman  of  the  Working  Committee. 

Advisory  Group.  An  advisory  group  will  be  formed 
to  provide  broad  representation  from  private  interests 
in  the  planning  and  execution  of  the  demonstration 
program.  The  Advisory  Group  will  include  represen¬ 
tatives  of  industry,  labor,  consumers,  and  concerned 
Citizens.  The  Advisory  Group  will  name  two  of  its 
members  10  serve  on  the  Board  and  two  representatives 
to  serve  on  the  Working  Committee.  Such  represen¬ 
tatives  will  serve  on  the  Board  and  Working  Com¬ 
mittee  for  terms  of  one  year  and  may  be  named  to 
successive  terms  at  the  discretion  of  the  Advisory 
Group.  The  Board  and  the  Working  Committee  will 
consult  the  Advisory  Group  to  obtain  proposals  for 
demonstration  activities,  recommendations  on  the 
conditions  under  which  extended  season  navigation 
should  be  carried  out,  and  the  results  of  the  demonstra¬ 
tion  program  each  year  for  all  affected  private  in¬ 
terests. 

4.  FUNDING 

Funding  of  investigations  and  demonstration  ac¬ 
tivities  will  be  boih  by  appropriations  under  authority 
of  Section  107(b),  PL  91-611.-  and  by  separate  ap¬ 
propriations  of  the  various  participating  agencies  and 


interests.  The  Working  Committee  will  assemble  a 
coordinated  budget  showing  the  agency  requests  for 
funds  from  demonstration  program  appropriations 
and  the  amounts  which  agencies  propose  to  expend 
from  their  own  separate  appropriations  for  activities 
directly  related  to  the  demonstration  program.  The 
preparation  of  a  coordinated  budget  is  not  intended  tc 
infringe  or.  any  agtncy's  freedom  to  use  its  own  funds, 
but  justification  of  requests  to  Congress  for  ap¬ 
propriations  must  be  based  upon  a  full  revelation  of 
the  various  sources  of  funds  supporting  the  total 
program. 

The  Board  will  review  the  coordinated  budget  re¬ 
quest  and  forwatd  its  recommendation  to  the  Office  of 
the  Chief  of  Engineers  for  incorporation  in  the  Corps 
of  Engineers  civil  works  budget  Other  agencies  may 
defend  their  'eparate  appropriations  for  demoastra- 
tion  activities  based  upon  the  budget  recommen¬ 
dations  of  the  Board. 

Demonstration  program  appropriations  will  be 
allocated  to  participating  agencies  in  accordance  with 
the  recommendations  of  the  Board.  Upon  apportion¬ 
ment  by  (he  Office  of  Management  and  Budget,  the 
lunds  for  the  demonstration  program  appropriated 
under  the  authority  of  Section  107(b).  PL  91-61 1 .  will 
he  allotted  to  the  Detrcit  District  by  the  Office  of  the 
Chief  ol  Engineers.  The  District  Engineer.  Detroit  Dis¬ 
trict  will  furnish  to  each  lead  agency  a  reimbursable 
agreement  in  the  amount  approved  by  the'  Board. 
Reimbursement  for  expenditures  will  be  based  on 
hillings  from  each  lead  agency  to  the  Detroit  District. 

5  PUlil  1C  INFORMATION 

Success  of  the  demonstration  program  depends  upon 
an  cllcctive  public  information  program  locxplain  the 
ohiectives  and  the  issues  involved  in  extension  of  the 
navigation  season  on  the  Great  Lakes  and  the  Saint 
I  awrencc  Seaway  The  Working  Committee  will  serve 
as  the  means  ol  coordinating  public  intormation  ac¬ 
tivities  of  all  program  participants,  subject  to  policy 
guidance  from  the  Board.  Each  agency  represented  on 
the  Working  Committee  will  advise  the  Chairman  of 
the  Working  Committee  wnen  his  agency  proposes 
making  public  announcements  or  undertaking  other 
significant  public  information  activities  related  to  the 
demonstration  program.  The  Working  Committee 
Chairman  will  notify  the  other  agency  representatives 
ol  such  announcements  or  ac'ivities.  for  their  advance 
information. 

Public  meetings  for  the  purpose  of  public  participa¬ 
tion  in  the  demonstration  program  will  be  conducted 
jointly  by  the  participating  agencies  under  the  policy 
guidance  of  the  Board. 
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PREFACE 


The  Great  Lakes  and  St.  Lawrence  Seaway 
Navigation  Season  Extension  Demonstration 
Program  is  authorized  by  Congress  in  the  River  and 
Harbor  Act  of  1970  (Public  Law  91*61 1),  amended  by 
the  Water  Resources  Development  Acts  of  1974  and 
1976  (Public  Laws  93-251  and  94*587,  respectively). 
This  program  was  undertaken  to  demonstrate  the 
practicability  of  extending  the  navigation  season  on 
the  Great  Lakes  and  St.  Lawrence  Seaway  System.  It  is 
important  to  note  that  while  the  program  and  study  are 
in  response  to  specific  legislation  by  Congress,  par¬ 
ticipating  Federal  agencies  have  continuing  respon¬ 
sibilities  for  development  of  ice  control  measures;  these 
are  funded  and  carried  out  under  normal  mission  ac¬ 
tivities,  funded  under  individual  agency  programs. 
These  programs  are  discussed  in  this  report,  but  not 
distinguished  from  Demonstration  Program  activities. 
Costs  of  normal  mission  activities  are  not  Included  in 
specifically  authorized  program  funding. 

At  the  onset  of  the  program,  preliminary  con¬ 
clusions  existed  which  indicated  that  engineeringly 
feasible  measures  were  already  available  to  extend  the 
navigation  season.  In  authorizing  the  program,  Con¬ 
gress  provided  a  means  to  verify  these  conclusions  and 
to  demonstrate  the  practicability  of  extending  the 
navigation  season. 

This  and  previous  reports  on  the  Demonstration 
Program  confirm  that  many  of  the  originally  stated 
conclusions  are  correct:  Technical  measures  presently 
exist  which  are  effective  in  extending  the  traditional 
navigation  season  and  they  involve  varied  economic, 
social  and  environmental  impacts.  They  are  discussed 
in  this  report. 


Vessel  moves  through  icefield.;- 


This  report  is  the  last  in  a  series  dealing  with 
demonstration  activities  undertaken  or  studied  to 
facilitate  commercial  vessel  operation  on  the  Great 
Lakes  and  St.  Lawrence  Seaway.  Activities  conducted 
during  the  first  live  years  of  the  program  were  describ¬ 
ed  in  some  detail  in  the  Winter  Navigation  Board’s 
previously  published  reports.  This  report  summarizes 
the  activities,  results,  and  conclusions  reached  during 
the  eight  years  of  the  Demonstration  Program. 

The  results  of  the  demonstration  activities  are  a 
primary  data  source  for  and  are  supportive  of  the  Sur¬ 
vey  Study  currently  being  conducted  by  the  U.S.  Army 
Corps  of  Engineers.  The  Survey  Study  is  to  identify  the 
costs,  economic  benefits,  engineering  feasibility,  and 
the  social  and  environmental  acceptability  of  exten¬ 
ding  the  navigation  season.  The  Report  is  provided  at 
the  direction  of  Congress  to  assist  in  determining  the 
Federal  interest  in  a  permanent  navigation  season  ex¬ 
tension  on  the  Great  Lakes  and  St.  Lawrence  Seaway 
System. 
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THE  WINTER  NAVIGATION 
BOARD  SUMMARY  REPORT 


Fiscal  Year  1979  was  the  final  year  of  a  program  to 
demonstrate  the  practicability  of  various  means  of  ex- 
tending  the  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System.  This  executive  summary 
abstracts  the  most  important  aspects  from  the  full 
report  on  program  activities  and  achievements  ac¬ 
complished  under  the  Demonstration  Program. 


Part  I:  Background  and  Perspective 


The  need 

The  Great  Lakes-St.  Lawrence  Seaway  System  is 
a  deep  draft  waterway  which  provides  a  means  of 
energy  efficient,  low  cost  marine  transportation  to  the 
U.S.  heartland  —  a  19-state  economic  hinterland  area 
which  generates  some  41  %  of  the  nation's  personal  in¬ 
come. 

Agriculture,  mining,  petroleum  refining,  and  the 
manufacture  of  both  durable  and  non-durable  goods 
are  important  industries  within  the  area.  The  need  for 
the  movement  of  both  bulk  raw  materials  and  finished 
products  is  substantial. 


Historically,  however,  in  mid-December,  the 
waterborne  link  of  the  regional  transportation  system 
has  closed  down  for  up  to  four  months  due  to  weather 
and  ice  conditions  ...  remaining  closed  until  early 
April,  when  conditions  again  permitted  transit, 
without  assistance. 

Industry  in  the  region  relying  on  bulk  materials 
has  adapted  to  the  closed  season  by  stockpiling,  a  cost¬ 
ly  process  and  by  the  use  of  more  costly  modes  of 
transportation.  At  the  same  time,  a  large  portion  of  the 
Great  Lakes  fleet  halts  operation  and  lays  up,  resulting 
in  increased  yearly  operational  costs  to  the  owners 
because  the  vessels  are  not  producing  income,  but  the 
fixed  costs  (depreciation,  vessel  cost,  etc.)  are  still  paid. 
These  costs  show  up  during  the  active  shipping  season 
which  must  be  passed  along  to  the  shipper  during  the 
balance  of  the  season  and  ultimately  to  the  public  in  in¬ 
creased  product  cost. 

The  close  of  the  Great  Lakes-St.  Lawrence 
Seaway  shipping  season  by  winter  weather  conditions 
also  has  a  negative  impact  on  employment:  lay-offs 
occur.  Some  of  the  Nation’s  largest  ports  close  down, 
and  capital-intensive  cargo  handling  equipment  is 
idled. 

In  the  past,  extraordinary  circumstances  such  as 
steel  strikes  ( 1956  and  1959),  and  at  times  of  national 
emergency  (January,  1945),  operations  at  the  locks  at 
Sault  Ste.  Marie,  Michigan,  continued  into  the  winter 
months  to  accommodate  the  urgent  needs  of  the  Na¬ 
tion  for  Great  Lakes  shipping.  These  circumstances  in¬ 
dicated  even  then  that  certain  types  of  winter  naviga¬ 
tion  activities  were  at  least  cnginecringly  feasible. 

Prior  study 

In  recognition  of  the  need  to  investigate  potential 
benefits  of  an  extended  navigation  season,  Cc-gress  in 
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the  1965  River  and  Harbor  Act  (Public  Law  89-298) 
authorized  the  U.S.  Army  Corps  of  Engineers  to  con¬ 
duct  a  limited  study  into  the  feasibility  forextending 
the  season. 

After  a  review  of  world-wide  experience  in  ice 
navigation  and  ice  modification  techniques,  this  study 
concluded  that  the  present  state  of  technology  was  suf¬ 
ficiently  advanced  to  make  winter  operation  on  the 
Great  Lakes-St.  Lawrence  Seaway  System  physically 
feasible.  The  extent  to  which  winter  operation  should 
be  undertaken,  and  the  economic  feasibility  for  either 
limited  or  year-round  extension,  could  not  be  deter¬ 
mined  on  the  basis  of  the  limited  investigations  made  in 
that  study. 

Traffic  projection  and  estimated  benefits  clearly 
demonstrated  sufficient  economic  potential  to  warrant 
further  investigation.  The  initial  feasibility  study  iden¬ 
tified  means  by  which  problems  associated  with  an  ex¬ 
tended  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System  might  be  eliminated,  and 
recommended  that  a  full-scale  study  be  undertaken. 

Current  program  authority 

The  Great  Lakes  and  St.  Lawrence  Seaway 
Navigation  Season  Extension  Program  is  authorized 
by  Congress  in  Section  107  of  the  River  and  Harbor 
Act  of  1970  (Public  Law  91-611).  This  authority  is  cited 
in  its  entirety  on  page  134.  Section  107b  has  been 
amended  twice  since  1970.  The  program  consisted  of 
three  parts,  the  Survey  Study,  the  Demonstration 
Program,  and  the  Insurance  St=>dy  as  follows: 

/.  Survey  Study :  A  detailed  survey  study  is  un¬ 
derway  to  determine  the  economic  justification, 
engineering  practicability,  and  potential  environmen¬ 
tal  and  social  impacts  of  an  extended  navigation 
season.  This  in-depth  study  is  being  conducted  by  the 
U.S.  Army  Corps  of  Engineers  with  input  from  the 
Winter  Navigation  Board.  The  results  of  the  Survey 
Study  would  provide  the  basis  for  Congress  to  deter¬ 
mine  the  Federal  interest  in  providing  meansfor  an  ex¬ 
tended  navigation  season  on  the  Great  Lakes  and  St. 
Lawrence  Seaway.  An  interim  Survey  Report  was  sub¬ 
mitted  to  the  Board  of  Engineers  for  Rivers  and  Har¬ 
bors  in  March  l976recommendingalimited seasonex- 
tension  on  the  upper  four  Great  Lakes  (Superior, 
Michigan,  Huron  and  Erie)  to  31  January  (+2  weeks), 
utilizing  for  the  most  part  basic  operation  measures 
and  existing  facilities.  This  Interim  Report  has  been 
transmitted  to  Congress  on  3  August  1979. 

The  final  Survey  Report,  addressing  several  op¬ 
tions  up  to  a  12-month  season  on  the  system  is  un- 
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derway.  The  Survey  Report  would  provide  the  results 
of  the  study  and  suggest  additional  measures  which 
would  be  required  beyond  those  previously 
recommended. 

2.  Demonstration  Program:  Through  the  Con- 
gressionally  mandated  action-oriented  Demonstration 
Program  the  U.S.  Army  Corps  of  Engineers  was 
directed  to  demonstrate  the  practicability  of  extending 
the  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System.  Federal  legislation  directed 
the  Secretary  ol  the  Army,  acting  through  the  Chief  of 
Engineers,  to  carry  out  this  program  in  cooperation 
with  affected  Federal  agencies  and  non-Federal  public 
and  private  interests. 

The  actions  of  the  Winter  Navigation  Board  in 
concert  with  private  navigation  interests  have  resulted 
in  substantial  extensions  of  the  normal  navigation 
season  on  the  upper  four  Great  Lakes  in  each  of  the 
eight  years  of  the  program.  Year-round  shipping  was 
actually  achieved  in  the  upper  four  Great  Lakes  during 
four  of  the  eight  years  of  the  Demonstration  Program. 

Modeling  was  conducted  both  before  and  in  addi¬ 
tion  to  actual  physical  methods  for  extending  the 
season  in  the  St.  Lawrence  Seaway. 

This  report,  describing  the  results  of  the 
Demonstration  Program,  is  submitted  in  compliance 
with  the  legislation. 

3.  Insurance  Study:  The  Secretary  of  Com¬ 
merce.  acting  through  the  Maritime  Administration, 
was  directed  to  conduct  a  study  to  determine  the  means 
by  which  reasonable  insurance  rates  could  be  provided 
for  shippers  and  vessels  engaged  in  waterborne  com¬ 
merce  beyond  the  traditional  navigation  season.  The 
Maritime  Administration  completed  the  study  in  1972 
and  found  insurance  rates,  although  higher  for  the  ex¬ 
tended  season,  arc  not  a  major  impediment  to  winter 
navigation.  As  the  Demonstration  Program  proceed¬ 
ed.  insurance  underwriters  redefined  late  sailings  so 
that  rate  increases  did  not  take  effect  until  substantially 
later  in  the  season. 

The  geographic  I  economic  region 

A  brief  glance  at  the  geography  of  the  Great 
Ukes-St.  Lawrence  Seaway  waterway  is  helpful  to  an 
understanding  of  both  the  opportunities  and  the 
challenges  implicit  in  winter  navigation.  The  Great 
Lakes  and  their  connecting  chapels  contain  a  water 
surface  area  of  over  95.000  square  miles,  of  which 
about  61,000  square  miles  are  within  United  States 
boundaries.  The  Great  Lakes  Basin  comprises  a  large 
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area  of  over  300,000  square  miles,  drained  by  the  St. 
Lawrence  River  through  the  Gulf  of  St.  Lawrence  into 
the  Atlantic  Ocean. 

The  Great  Lakes  provide  a  waterway  over  which 
100  billion  ton-miles  of  waterborne  freight  pass  each 
year.  Many  commercial  harbors  serve  the  region  in¬ 
cluding  some  of  the  largest  in  the  Nation  and  two  of  the 
five  largest  U.S.  cities.  The  distance  from  Duluth, 
M  innesota.  at  the  western  end  of  Lake  Superior,  to  the 
Atlantic  Ocean  is  2,340  miles. 

The  Great  Lakes  Basin  covers  about  4%  of  U.S. 
land  areas  and  includes  more  than  14%  of  the  Coun¬ 
try's  population.  One-sixth  of  the  national  income  is 
earned  in  this  region.  Within  the  Canadian  portion  of 
the  Great  Lakes  and  St.  Lawrence  River  Basin,  the 
proportion  of  total  population  and  economic  activity 
is  in  excess  of  60%  of  Canadian  national  totals. 


The  intra-region's  transportation  system,  the 
Great  Lakes,  is  critical  in  bringing  raw  materials  from 
their  sources  in  the  upper  lakes  to  industrial  centers 
such  as  Chicago,  Detroit.  Cleveland,  and  Buffalo. 

The  St.  Lawrence  River  connects  the  Great  Lakes 
with  the  Gulf  of  St.  Lawrence  on  the  North  Atlantic 
Ocean.  Since  the  international  portion  of  the  St. 
Lawrence  River  extends  from  Lake  Ontario  to  a  point 
below  Masscna.  New  York,  the  Demonstration 
Program  activities  pertain  to  this  reach  which  is  under 
the  joint  navigational  control  of  the  St.  Lawrence 
Seaway  Development  Corporation,  a  corporate  agen¬ 
cy  of  the  United  States  Government,  and  the  St. 
Lawrence  Seaway  Authority  of  Canada.  Below  the  in¬ 
ternational  section,  the  river  and  the  remaining 
Seaway  locks  lie  entirely  in  Canada.  Year-round 
navigation  from  the  Ocean  to  Montreal  has  been  an 
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operational  reality  for  many  years  due  to  Canadian  ef¬ 
forts  to  extend  the  navigation  season  at  that  end  of  the 
St.  Lawrence  River. 

The  Great  Lakes  fleet 

Completion  of  the  1 ,200'  x  1 10’  Poe  Lock  at  Sault 
Ste.  Marie  in  1968  strengthened  the  economics  of  high 
volume,  low  cost  waterborne  transportation  on  the 
Great  Lakes.  The  construction  of  several  1,000’  x  105’ 
self-unloading  bulk  carriers  —  and  several  more  under 
contract  at  Great  Lakes  shipyards  —  has  dramatically 
changed  the  future  direction  of  the  Great  Lakes  ship¬ 
ping  fleet.  A  period  of  accelerated  change  in  the  size 
and  shape  of  Great  Lakes  vessels  is  emerging  as  this 
new  generation  of  larger,  moresophisticated  and  more 
costly  vessels  move  in  to  dominate  roles  in  the  ore  and 
coal  trades. 


Winter  navigation  problems  in  perspective 

Ice  and  its  effects  are  the  major  physical  im¬ 
pediments  to  winter  navigation.  On  the  Great  Lakes, 
ice  conditions  are  most  severe  in  the  upper  four  takes 
and  connecting  channels:  theSt  Marys  River  between 
Lakes  Superior  and  Huron;  the  Straits  of  Mackinac 
connecting  Lakes  Michigan  and  Huron;  and  the  St. 
Clair  and  Detroit  Rivers  linking  Lakes  Huron  and 
Erie.  These  connecting  channels  and  the  St.  Lawrence 
River  form  natural  constrictions  in  which  the  potential 
for  ice  jams  and  other  problems  implicit  to  winter 
navigation  are  most  severe. 

Icebreakers  can  open  and  maintain  vessel  tracks. 
However,  sophisticated  ice  management  techniques 
are  needed  to  maintain  stable  ice  fields  and  facilitate 
commercial  ship  movement  in  these  channels  and  in 
harbors,  The  development  of  ice  control  techniques 


SELF-PROPELLED  VESSELS  OF  1.000  GROSS  TONS  AND  OVER 
AS  OF  NOVEMBER  24.  1978 

U.S.  GREAT  LAKES  FLEET 


TOTAL  ALL  VESSELS 

BULK  CARRIERS 

TANKERS 

OTHERS* 

# 

DWT 

Jt  DWT 

# 

159* 

143* 

2,848,825* 

6  40,643 

10 

■Railroad  Cars-Passenger  Car  Ferries 
Source;  Maritime  Administration,  Great  Lakes  Region 
Greenwood's  Guide  to  Great  Lakes  Shipping 
*lnctudes  integrated  tug-barge  'Presque  Isle"  of  52,000  DWT,  which, 
for  operations  purposes,  is  considered  a  vessel. 


As  part  of  its  ongoing  program,  as  mandated  by 
Executive  Order  of  1936,  the  U.S.  Coast  Guard's  Ninth 
District  headquartered  at  Cleveland,  Ohio,  provides 
icebreaking  support  to  vessels  beset  in  ice  or  in  need  of 
assistance  to  transit  through  the  ice.  For  this  task,  and 
other  assigned  missions,  the  Coast  Guard  employs  a 
fleet  of  twelve  vessels  year  round  including  one  major 
icebreaker.  During  the  Demonstration  Program  an  ad¬ 
ditional  icebreaker  was  added  for  winter  operation. 

On  8  January  1979,  the  Katmai  Bay,  the  first  in  a 
scries  of  four  new  class  icebreaking  tugs  to  be  received 
before  the  winter  of  1979-80,  was  commissioned.  The 
new  vessels,  replacing  an  older  class,  will  greatly  up¬ 
grade  Coast  Guard  icebreaking  capabilities  in  the 
Great  l  akes. 


which  will  permit  winter  navigation  while  maintaining 
unimpeded  river  flow,  for  instance,  is  especially  impor¬ 
tant  on  the  St.  Lawrence  River.  Here,  ice  booms  have 
been  installed  at  specific  locations  on  the  Seaway  to 
assist  in  the  development  and  maintenance  of  a  stable 
ice  cover,  to  prevent  ice  jams,  avoid  flooding,  and 
assure  an  uninterrupted  flow  for  the  regulation  of  lake 
and  river  water  levelsand  theproduction  of  hydroelec¬ 
tric  power.  These  booms  are  closed  each  year  after  the 
close  of  navigation. 

Proposals  for  extending  the  navigation  season 
have  raised  many  questions  concerningenvironmental 
impacts,  particularly  in  the  connecting  channels  and 
harbors,  and  in  the  St.  Lawrence  River.  It  has  become 
evident  that  extensive  environmental  studies  would  be 
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The  1,000-foot  carrier  James  R.  Barker  heads 
through  ice  towards  the  Soo. 


lequired  if  an  environmental  baseline  were  to  be  es¬ 
tablished.  Such  a  baseline  would  allow  for  monitoring 
to  detect  and  determine  the  extent  of  environmental 
impacts  which  might  occur  as  a  result  of  an  extended 
season.  Particular  concern  has  been  expressed  over  the 
possibility  of  oil  spills  in  winter  conditions  and  the 
organizational  and  technical  capacity  of  both  the 
government  agenciesand  private  industry  toadequate- 
ly  react  to  that  situation  the  possibility  of  increased 
shoreline  and  structure  damage  resulting  from  the  ex¬ 
tended  navigation  season  is  also  a  major  concern 
Other  stated  concerns  over  extended  season 
operations  include  island  accessdifficultiesand  the  dis¬ 
ruption  ol  established  recreation  patterns,  which  might 
lead  to  declines  in  touriwn. 


Since  conventional  floating  navigational  buoys 
are  removed  prior  to  ice  formation,  the  need  arises  for 
an  all-weather  navigational  aid  system  to  reduce  the 
risk  of  groundings  and  collisions  and  to  permit  24  hour 
navigation.  Related  to  this  are  the  needs  for  a  network 
to  collect  and  disseminate  ice  and  weather  data  and  the 
development  of  improved  prediction  techniques  for  ice 
frecze-up  and  break-up  periods. 

I  he  safety  of  vessels  and  crews  during  winter 
season  operation  is  also  a  primary  concern.  In  the 
event  of  accidents  on  the  system,  it  is  important  that  an 
elfective  emergency  locating  system  be  implemented 
for  both  vessels  and  crew  members  and  that  safety  and 
survival  equipment  for  crew  members  exposed  to  icy 
waters  be  improved. 
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The  location  of  the  waterway  between  the  United 
States  and  Canada  requires  that  a  cooperative  effort  be 
undertaken  to  obtain  the  implementation  of  anextend- 
ed  season.  The  Welland  Canal,  navigation  link 
between  Lakes  Erie  and  Ontario,  and  the  lower  reaches 
of  the  St.  Lawrence  River  are  wholly  in  Canada,  and 
therefore  Canada  needs  to  determine  its  interest  in  ex¬ 
tended  season  navigation  and  the  nature  of  its  commit¬ 
ment. 

Winter  navigation  accomplishments  in  perspective 

In  eight  years  of  extended  season  tests  and  ice 
breaking  operational  activities,  the  Coast  Guard  has 
demonstrated  the  practicability  of  continuous  com¬ 
mercial  traffic  under  adverse  winter  ice  conditions.  Ad¬ 
ditionally,  and  in  concert,  many  ice  control  and  ice 
management  concepts  and  methods  were  tested  by  the 
Corps  of  Engineers  and  other  participating  agencies; 
the  most  successful  of  which  are  briefly  mentioned  in 
this  section,  and  described  in  the  text  that  follows. 
Bubbler  systems  and  the  use  of  thermal  effluents  were 
tested  for  effectiveness  in  reducing  ice  cover.  Model 
studies  were  conducted  to  gain  insights  into  the  effects 
of  vessel  transits  on  water  levels  and  flows  in  the  St. 
Marys,  St.  Clair,  and  St.  Lawrence  Rivers,  and  to  test 
the  effectiveness  of  different  types  of  ice  control  struc¬ 
tures. 

Limited  environmental  studies  were  conducted  to 
determine  the  effects  of  specific  Demonstration  ac¬ 
tivities  on  the  environment,  such  as  the  effect  of  long 
line  bubblers  on  fish  movement,  and  some  baseline 
data  were  collected,  principally  on  the  St.  Marys  River. 
The  U.S.  Coast  Guard  developed  an  Oil  and  Hazar¬ 
dous  Substance  Spill  Contingency  Plan  and  tested  new 
methods  and  devices  for  oil  spill  containment  and 
recovery.  These  activities  were  independent  from  the 
Demonstration  Program. 

To  facilitate  transportation  to  islands  in  the  St. 
Marys  River,  the  U.S.  Army  Corps  of  Engineers  made 
and  tested  substantial  improvements  to  the  Sugar 
Island  ferry  and  provided  an  air  boat  for  use  and 
testing  by  Lime  Island  residents.  Studies  were  con¬ 
ducted  along  proposed  vessel  routes  to  determine 
possible  impacts  on  recreational  activities. 

To  enhance  the  safety  of  navigation  under  con¬ 
ditions  of  poor  visibility,  several  systems  have  been 
tested  under  various  authorities.  They  include  the  in¬ 
stallation  of  a  magnetic  wire  on  the  channel  bottom,  a 
laser  light  range,  a  radar  navigation  system,  radar 
transponder  beacons  (RACONs)  and  a  limited  Long 
Range  Navigation  (mini  Loran-C)  system  in  the  St. 
Marys  River.  Prototype  ice  buoys  were  tested  as 


replacements  for  regular  light  and  radar  buoys  which 
are  removed  prior  to  ice  conditions. 

The  U.S.  Army  Corps  of  Engineers  and  the  St. 
Lawrence  Seaway  Development  Corporation 
(SLSDC)  gathered  data  on  ice  and  weather  conditions 
throughout  the  Great  Lakes.  This  information  was 
channeled  through  the  Coast  Guard’s  tee  Navigation 
Center  in  cooperation  with  reporting  stations  es¬ 
tablished  by  the  National  Weather  Service.  These  units 
provide  up-to-date  information  on  ice  and  weather 
conditions,  including  ice  forecasts  (from  techniques 
developed  by  the  Great*  Lakes  Environmental 
Research  Laboratory),  ice  outlooks  and  ice  charts  in 
support  of  extended  season  shipping. 

The  U.S.  Coast  Guard  also  has  tested  several  sur¬ 
vival  suits,  survival  craft  and  position-indicating 
transponders  for  emergency  use  by  vessel  crews.  Both 
survival  suits  and  position  indicating  transponders 
have  been  adopted  by  vessel  operators. 

Canadian  interests  have  been  represented  on  the 
Winter  Navigation  Board  as  observers  since  the  incep¬ 
tion  of  the  program.  A  Joint  U  .S.  and  Canadian  Guide 
for  Icebreaking  was  developed  and  implemented  in¬ 
dependently  from  the  Demonstration  Program.  Ad¬ 
ditionally,  direct  coordination  between  the  St 
Lawrence  River  operating  agencies  (e.g.,  St.  Lawrence 
Seaway  Development  Corporation  and  St.  Lawrence 
Seaway  Authority)  has  occurred  throughout  the 
program.  Canadian  vessels  have  operated  on  the  Great 
Lakes  later  into  the  season  as  a  result  of  extended 
navigation  season  measures  and  the  St.  Lawrence 
Seaway  Authority  has  made  improvements  in  the 
Canadian  portion  of  the  Seaway  to  facilitate  operation 
in  ice  conditions. 

Unresolved  winter  navigation  issues 

One  of  the  stated  goals  of  the  Demonstration 
Program  was  the  accomplishment  of  vessel  transit 
tests,  under  severe  winter  ice  conditions,  in  the  St. 
Lawrence  River.  Notwithstanding  that  many  ice  con¬ 
trol  measures,  tests,  and  investigations  have  been 
carried  out  in  the  eight  years  of  Demonstration 
Program,  activities,  including  limited  vessel  transit  of 
ice  booms,  the  desired  goal  could  not  be  accomplished. 

Unresolved  issues  include  the  model  predictions  of 
effects  on  the  level  of  Lake  Ontario  and  flows  in  the  St. 
Lawrence  River.  Disruption  of  these  flows  have  poten¬ 
tial  impacts  on  power  production.  Associated  with 
flows  and  disrupted  ice  conditions  are  many  en¬ 
vironmental  questions  which  numerous  private  and 
State  groups  in  New  York,  including  the  Governor, 
tcel  need  to  be  addressed  before  any  demonstration  oc- 
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curs.  Concern  has  also  been  raised  that  the  demonstra¬ 
tion  activities  cannot  proceed  without  formal  coor¬ 
dination  and  approval  of  the  Canadian  Government. 

These  critical  issues  affecting  vessel  transit  tests  on 
the  St.  Lawrence  River,  were  addressed  by  the  Winter 
Navigation  Board  in  a  resolution  passed  by  a  9  to  4 
split  vote  on  II  January  1979: 

Be  it  resolved  that: 

1.  The  Chairman,  on  behalf  of  the  Winter 
Navigation  Board,  shall  communicate  to  Congress  the 
sense  of  the  Board  regarding  the  Winter  Navigation 
.Season  Extension  Demonstration  Program,  through 
the  Chief  of  Engineers  and  the  Secretary  of  the  Army, 
to  the  effect  that  the  Board: 

2.  understands  its  obligation  to  provide  to  the 
Congress  timely  recommendations  on  its  findings  and 
conclusions  concerning  the  demonstration  program 
and  the  public  funds  appropriated  for  its  support, 

3.  understands  the  purpose  of  the  season  exten¬ 
sion  Demonstration  Program  is  to  demonstrate  the 
practicability  of  navigation  on  the  Great  Lakes  and  St. 
Lawrence  Seaway  System  during  conditions  of  ice 
cover. 

4.  wants  to  be  responsive  to  the  concerns  of  en¬ 
vironmental  and  conservation  interests  in  the  conduct 
of  a  season  extension  demonstration  program, 

5.  recognizes  that  it  cannot  achieve  agreement 
between  the  various  interested  parties  with  regard  to 
the  environmental  and  ecological  investigations,  in¬ 
cluding  an  investigation  of  measures  necessary  to 
ameliorate  any  adverse  impacts  upon  local  com¬ 
munities.  requisite  to  demonstration  on  the  St. 
Lawrence  River,  and  that  demonstration  of  winter 
navigation  on  the  St.  Lawrence  River  will  not  be  possi¬ 
ble  within  the  current  authorization  of  Section  107(b), 
P.L.  91-611, 

6.  recognizes  that  the  time  and  financial  con¬ 
straints  which  the  Congress  placed  on  demonstration 
program  activities  prevents  undertaking  exhaustive 
environmental  baseline  studies,  however  justified  such 
studies  might  be  for  post-authorization  activity. 


and.  further,  that  the  Board: 


7.  believes,  on  the  basis  ofactualexperienceand 
operational  activities  on  the  upperGreat  Lakesand  the 
lower  St.  Lawrence  River,  on  the  basis  of  the  1976  In¬ 
terim  Survey  Report,  that  substantial  evidence  exists 
to  support  a  finding  of  technical  and  economic 
feasibility,  except  on  environmental  matters  in  the  St. 
Lawrence  River, 

8.  recommends  either:  (a)  a  substantial  exten¬ 
sion  of  the  Demonstration  Program  on  the  St. 
Lawrence  River  to  accommodate  the  stated  en¬ 
vironmental  objections;  or,(b)  that  as  an  alternative  to 
further  demonstration  on  the  St.  Lawrence  River, 
which  cannot  be  accomplished  under  current 
authorization,  and  in  order  to  comply  fully  with  the  in¬ 
vestigative  request  of  Congress,  that  the  feasibility 
report  scheduled  for  completion  in  FY  !980underSec- 
tion  107(a),  P.L.  91-611,  include  provisions 
recommending  post-authorization  accomplishment  of 
the  S  t.  Lawrence  River  demonstration  program  objec¬ 
tives,  particularly  development  of  navigable  ice 
booms,  vessel  transit  tests,  and  investigation  of 
measures  necessary  to  ameliorate  any  adverse  impacts 
upon  local  communities, 

9.  supports  the  early  completion  of  the  final 
feasibility  report  and  its  expedient  processing  to  the 
Congress,  while  recognizing  that  any  additional  en¬ 
vironmental  studies  which  Congress  deems  necessary 
may  be  authorized  and  funded  through  an  extension  of 
the  demonstration  program,  or  some  other  directive, 

10.  recommends  that  remaining  unobligated 
funds  in  the  demonstration  program,  as  appropriate 
and  to  the  extent  necessary,  be  used  to  assure  comple¬ 
tion  of  the  feasibility  report  and  to  initiate  action 
suggested  by  agencies,  as  approved  by  the  Board,  as 
prerequisite  to  carrying  out  planned  demonstration  ac¬ 
tivities  in  the  St.  Lawrence  under  current  authority. 


Part  U:  The  Demonstration  Program: 
A  Final  Report 


Organization 


Ajt  view  oj  the  Naugatuck. 


The  Raritan  in  heavy  ice. 


The  chart  on  page  30  portrays  the 
organizational  structure  of  the  Winter  Navigation 
Board.  Under  the  terms  of  a  Memorandum  of  Un- 
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derstanding  (see  page  13S)  signed  by  the  par¬ 
ticipating  Federal  agencies,  the  Great  Lakes  Basin 
Commission  (GLBC)  and  the  Great  Lakes  Commis¬ 
sion  (GLC),  the  Winter  Navigation  Board 
(established  in  July  1971)  prescribed  the  organiza¬ 
tion  and  procedures  for  managing,  coordinating 
and  reporting  on  the  Demonstration  Program.  The 
Board  is  composed  of  interested  Federal  and 
regional  agencies, anindustryandalaborrepresen- 
tative,  an  Advisory  Group  formed  to  provide  input 
from  shipping  and  industrial  interests,  port 
authorities,  and  other  non-Federal  public  and 
private  interests,  and  a  Great  Lakes  representative 
for  all  the  Great  Lakes  States.  Observers  to  the 
Board  include  the  International  Joint  Commission, 
the  Department  of  State,  and  from  Canada,  the  St. 
Lawrence  Seaway  Authority  and  the  Canadian 
Coast  Guard.  Technical  advisors  to  the  Board 
represent  the  National  Aeronautics  and  Space  Ad¬ 
ministration  and  the  Energy  Research  and  Develop¬ 
ment  Administration. 


ORGANIZATION 


A  working  committee,  constituted  similarly  »o 
the  Winter  Navigation  Board,  has  carried  out  the 
program  activities  approved  by  the  Board.  Seven 
work  groups,  each  headed  by  a  lead  agency  and 
assisted  by  associated  agencies,  have  conducted  ac¬ 
tivities  in  their  functional  area.  Also,  attached  to  the 
working  committee  has  been  a  public  involvement 
subcommittee  as  well  as  state  observers  from  each 
Great  Lakes  State. 


Strategic  concept 

The  impetus  from  private  industry  to  engage  in 
extended  season  shipping  has  been  fundamental  to 
the  concept  of  the  Demonstration  Program.  Ac¬ 
tivities  under  the  program  have  been  aimed  at 
developing  and,  where  possible,  testing  new  or  im¬ 
proved  methods  for  facilitating  commercial  ship 
voyages.  These  activities  have  included  finding 
solutions  to  winter  navigation  problems,  the  results 
of  which  have  provided  valuable  input  to  the  survey 
study. 

Several  principles  formed  the  keystone  of  the 
Board's  concept  regarding  both  types  and  locations 
of  activities  undertaken: 

1.  A  system  approach  has  been  essential  in 
order  to  address  all  significant  requirements  of 
winter  navigation  on  the  Great  Lakes-St.  Lawrence 
Seaway  System.  High  priority  was  assigned  to  the 
most  significant  requirements  or  problems. 

2.  While  different  conditions  throughout  the 
Great  Lakes  and  Si.  Lawrence  Seaway  have  re¬ 
quired  different  solutions,  methods  or  approaches 
tested  have  been  adapted  elsewhere  in  the  system, 
wherever  possible. 

3.  To  assure  validity  of  demonstrations,  new 
techniques  have  been  tested  at  the  most  difficult 
passage  areas  along  major  vessel  routes,  including 
the  St .  Marys  River,  the  Straits  of  Mackinac,  the  St. 
Clair  and  Detroit  Rivers  and  St.  Lawrence  River. 

Program  funding 

Under  the  River  and  Harbor  Act  of  1970,  $6.5 
million  were  originaily  authorized  for  a  three  year 
demonstration  program.  The  Water  Resources 
Development  Act  of  1974  increased  the  amount  to 
$9.5  million  and  extended  the  program  Vh  years. 
The  program  was  further  extended  another  2‘A 
years  and  the  funding  increased  to  $15,968,000  by 
the  Water  Resources  Development  Act  of  1976. 

The  Winter  Navigation  Board  has  allotted  a 
total  of  $13,668,000  for  the  eight  years  of  the 
program.  These  funds  were  distributed  to  the  work 
groups  for  the  various  programs  as  shown  in  Table 
A.  $2,300,000  were  revoked,  because  time  con¬ 
straints  precluded  accomplishing  several  FY  79  ac¬ 
tivities  in  the  St.  Lawrence  River. 


lb 
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U.S.C.G.  Naugatuck  at  Soo  Locks. 


TABLE  A 

Demonstration  Program  Funding  Allocation 


Program  Element 

Total 

FY  72  -  FY  79 

Ice  Information 

$  2.066,200 

Ice  Navigation 

$  2.428.000 

Ice  Engineering 

S  668.400 

Ice  Control 

S  1.877.500 

ice  Management 

S  3.118.70!) 

Economic  Evaluation 

$ 

143,900 

Environmental  Evaluation 

$ 

1.609,600 

Program  Management 

$ 

1.474,700 

Public  Information  Subcommittee 

S 

93.200 

Reallocated  to  Survey  Study 

S 

187.800 

101  Al. 

$13,668,000 

-  •  -xi. 


Taconite  pellets. 


Part  III:  Yearly  Summaries  or  Activities 
FY  72-FY  79 


FY  72 

The  first  year's  results  were  encouraging.  When  a 
U.S.  ore  carrier  made  the  final  transit  oftheSoo  Locks 
in  the  St.  Marys  River  on  I  February  1 972,  its  passage 
marked  the  first  time  in  history  that  commercial 
navigation  between  Lake  Superior  and  the  lower  lakes 
had  continued  into  the  month  of  February. 

Nearly  2,000,000  tons  of  cargo  were  shipped 
through  the  St.  Marys  River  during  the  extended 
season,  more  than  half  of  which  was  iron  ore 

Tests  of  a  3,000  foot  air  bubbler  line  placed  on  the 
River  at  a  difficult  turn  in  the  channel  by  Lime  Island 
proved  successful  in  preventing  the  heavy  ice  forma¬ 
tion  which  normally  occurs  at  this  bend.  Several 


navigational  aids  indicated  sufficient  promise  to 
warrant  further  testing  under  the  program. 

M  uch  information  was  acquired  on  ice  conditions 
throughout  the  system,  and  improved  techniques  were 
developed  for  collecting  and  disseminating  such  infor¬ 
mation  and  forecasting  future  ice  conditions. 
Preliminary  data  was  obtained  on  the  pressures  ex¬ 
erted  by  ice  on  structures. 

Traffic  continued  on  the  St.  Lawrence  River 
above  Montreal  until  20  December  1971.  After  the 
close  of  the  navigation  season  the  power  entities  then 
completed  closure  of  the  two  ice  booms  which  cross  the 
navigation  channel  in  the  International  Section  of  the 
River.  Designs  for  a  movable  gate  in  the  Ogdensburg 
Boom  were  prepared  in  anticipation  of  a  field  test. 

FY73 

I  he  Great  Lakes  navigation  season  of  1972-73 
through  the  St  Marys  River  wasagain  increased  sub- 
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stantially,  running  from  5  April  1972  through  8 
February  1973.  This  was  the  second  year  the  shipping 
season  extended  into  February.  Total  tonnage  through 
the  St.  Marys  River  during  the  F  Y  73  extended  naviga¬ 
tion  season  increased  to  3.36  million  tons,  exceeding 
the  previous  year  by  over  a  million  tons. 

Extension  of  the  navigation  season  on  the  St. 
Lawrence  Seaway  in  1972  stretched  to  23  December,  In 
addition,  the  relatively  mild  winter  permitted  the  open¬ 
ing  of  the  1973  navigation  season  on  28  March, 
resulting  in  the  shortest  closed  period  in  history  both 
for  the  Seaway  and  the  Locksat  the  Soo  (8  February  to 
I  April). 

Among  FY  73  Demonstration  Program  activities 
were  several  carried  over  from  FY  72.  These  were  the 
operation  of  the  Soo  Locks  as  late  as  necessary  for 


vessel  transits  (Corps),  the  operation  of  the  Ice  Naviga¬ 
tion  Center  at  Cleveland  (Coast  Guard),  and  the  Ice 
and  Weather  Forecast  Operation  (National  Weather 
Service). 

Also  continued  from  FY  72  were  ice  surveillance 
and  aerial  reconnaissance  activities  and  provisions  for 
transportation  assistance  for  island  residents.  The 
ferry.  Sugar  Islander,  was  modified  to  improve  its  ice 
operating  capabilities. 

New  activities  conducted  in  FY  73  included  the 
use  of  an  airboat  for  transporting  residents  of  Lime 
Island  across  the  ice  covered  channel,  the  testing  of  ex¬ 
perimental  ice  buoys  and  anchors,  and  the  successful 
testing  of  RACONs  and  survival  suits.  Plans  were 
prepared  for  testing  a  thermal  discharge  ice  suppres¬ 
sion  system  in  Saginaw  Bay. 


& 
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In  conjunction  with  the  St.  Lawrence  Seaway 
Development  Corporation’s  ongoing  program,  a 
prototype  ice  boom  gate  was  installed  at  Ogdensburg, 
New  York,  but  was  not  tested  under  ice  conditions  due 
to  objections  of  the  power  entities  involved.  They 
desired  to  develop  a  stable  ice  cover  as  early  as  possible 
to  protect  power  generating  capabilities.  The  original 
boom,  installed  late  each  fall  by  hydroelectric  power 
interests,  assists  in  the  formation  and  maintenance  of  a 
stable  ice  cover.  The  movable  gate,  as  installed,  used 
floating  barges  on  which  gate-operating  equipment 
was  mounted. 

FY74 

The  FY  74  Great  Lakes  navigation  season 
through  the  St.  Marys  River  was  extended  to  7 
February  1974,  the  third  consecutive  year  that  the 
season  was  extended  into  February.  The  total  tonnage 
shipped  through  the  Soo  Locks  increased  to  4.78 
million  tons  for  the  extended  season.  The  shipping 
season  on  the  St.  Lawrence  was  extended  six  days  in 
December  beyond  the  16th.  The  St.  Lawrence  River 
achieved  its  earliest  opening  date  during  the  program 
(26  March  1974). 

Activities  at  the  Ice  Navigation  Center  were  con¬ 
tinued  throughout  the  Demonstration  Program  in 
conjunction  with  ice  surveillance  and  aerial  recon¬ 
naissance  activities  and  ice  and  weather  forecasts. 

Studies  of  ice  conditions  in  the  St.  Marys  River 
were  carried  out  to  determine  the  effects  of  winter 
navigation  on  shore  erosion  and  shore  structures.  Con¬ 
tinued  testing  of  the  ice  buoys  in  the  St.  Marys  and 
Detroit  Rivers  demonstrated  their  effectiveness  in  ice 
conditions.  Results  of  tests  of  modified  Radar 
Transponder  Beacons  (RACONs)  and  a  Precise 
Laser/ Radar  Navigation  System  were  encouraging. 

Additional  adaptation  and  testing  of  survival 
equipment  were  continued,  and  survival  suits  weredis- 
tributed  to  vessel  crews  operating  during  the  FY  74  ex¬ 
tended  season  under  ice  free  conditions.  Tests  of  the 
gate  installed  in  the  Ogdensburg-Prescott  ice  boom 
were  continued  and  two  vessel  transits  were  made  in 
late  November  1973. 

The  air  bubbler  system  in  Duluth-Superior  Har¬ 
bor  was  operated  for  evaluation  of  environmental  im¬ 
pacts  and  system  effectiveness.  The  airboat  at  Lime 
Island  continued  to  provide  and  test  transportation 
service  for  island  residents.  Preliminary  plans  for  a 
thermal  ice  suppression  facility  in  Saginaw  Bay  were 
prepared,  detailed  design  of  the  facility  was  initiated, 
and  baseline  environmental  data  were  collected  to 
provide  for  evaluation  of  environmental  effects. 


The  bubbler-flusher  system  at  the  mainland  dock 
of  the  Sugar  Island  ferry  prevented  excessive  ice  build¬ 
up  in  the  slip.  Ice  accumulations  in  Little  Rapids  Cut, 
however,  continued  to  interfere  with  ferry  service.  A 
scope  of  work  was  prepared  for  a  model  study  of  ice 
conditions  in  Little  Rapids  Cut  to  be  conducted  in  FY 
75  to  determine  the  most  effective  long-range  solution 
to  the  problem. 

Draft  reports  on  two  systems  studies  were  com¬ 
pleted,  one  for  the  St.  Lawrence  River  and  one  for  the 
St.  Clair-Detroit  Rivers  System.  The  systems  studies 
determined  the  probable  modifications,  structural 
measures,  and  associated  costs  for  extension  of  the 
navigation  season  in  these  locations. 

FY75 

For  the  first  time  in  history,  the  Great  Lakes 
navigation  season  was  extended  to  a  full  twelve  months 
on  the  upper  four  Great  Lakes.  The  tonnage  passing 
through  the  Soo  Locks  for  the  FY  75  extended  season 
(16  December  -  31  March)  was  9,134,539  tons,  the 
largest  total  reached  during  the  Demonstration 
Program.  The  large  tonnagefigure  reflects  the  fact  that 
the  strike  in  the  steel  industry  sharply  curtailed  the  nor¬ 
mal  season  shipment  of  ore  which  put  a  high  demand 
on  the  need  for  shipping  during  the  extended  season  to 
meet  production  needs. 

Testing  of  ice  buoys  continued  in  confined  waters 
of  the  Great  Lakes  and  St.  Lawrence  River.  RACON 
installations,  as  in  past  years,  added  significantly  to 
safe  vessel  passages  in  difficult  navigation  areas.  Field 
tests  and  demonstration  of  crew  safety  and  survival 
devices  focused  heavily  on  individual  and  group  ex¬ 
posure  protection,  distress  alert  and  detection 
enhancement,  and  a  man  overboard  alarm. 

Tests  of  an  ice  boom  designed  to  allow  vessel  tran¬ 
sits  were  successfully  completed  at  Copeland  Cut  in  the 
St.  Lawrence  River.  Model  tests  defined  an  optimum 
ice  flushing  system  for  the  Eisenhower  and  Snell 
Locks.  Measurements  of  ice  forces  on  ice  booms  and 
piles  were  continued.  An  operational  plan  for  the 
alleviation  of  temporary  disruptions  to  ferry  service  in 
Little  Rapids  Cut  in  the  St.  Marys  River  was  im¬ 
plemented.  This  included  extensive  efforts  by  the 
Coast  Guard  in  the  area  of  preventive  icebreaking. 

Improvements  to  the  Lime  Island  airboat  resulted 
in  more  satisfactory  operation  and  improved 
passenger  comfort.  The  bubbler-flushei  system  at 
Sugar  Island  performed  satisfactorily  throughout  the 
extended  season. 

A  model  study  of  Little  Rapids  Cut  in  the  St. 
Marys  River  identified  a  pair  of  ice  booms  as  a  poten- 
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tially  viable  remedial  measure  to  control  tcc  floes  in  the 
Cut  Oaring  the  winter  of  75-76,  the  thermal  ice  sup¬ 
pression  test  on  Saginaw  Bay  was  installed.  In  order  to 
evaluate  the  potential  impacts  of  the  thermal  ice  sup¬ 
pression  test,  the  collection  of  environmental  baseline 
data  in  the  area  surrounding  the  lest  site  location  was 
continued  I  he  System  Plan  for  All-Year  Navigation 
(SPAN)  on  the  M  I  awrenec  River  between  Montreal 
and  Lake  Ontario  was  completed. 

During  FY  75,  icebreaking  operations  were 
directed  more  to  pieventive  or  maintenance  icebreak¬ 
ing  than  in  previous  years,  placing  greater  emphasis  on 
keeping  the  channel  open  rather  than  responding  to  re¬ 
quests  lor  assistance  This  effort  was  particularly 
successful  with  fetry  and  ore  boat  traffic  in  the  I  ittle 
Rapids  Cut  area  and  in  the  St  Marys  River  in  general 


Experimental  winter  buoys  are  unloaded  on  St. 
Lawrence  River 

Following  the  adoption  of  Long  Range  Naviga¬ 
tion  (l.oran-C)  as  the  national  navigation  system  for 
the  coastal  confluence  7one.  the  Coast  Guard  installed 
a  mini  Loran-C  system  in  the  St  Marys  River  to  test  its 
effectiveness  in  an  area  of  narrow  channels. 

I  he  St  Lawrence  Seaway  Development  Corpora¬ 
tion  (SI.SDC)  contracted  for  the  instrumentation  and 
testing  of  an  ice  boom  at  Copeland  Cut.  I  he  basic  goal 
ol  the  project  was  to  collect  data  on  the  forces  exerted 
on  an  ice  control  structure  by  water,-  wind,  ice.  and 
slops.  An  additional  goal  of  the  project  was  to 
physically  demonstrate  that  a  vessel  could  navigate 
through  an  opening  in  an  ice  boom  without  disrupting 
the  stability  of  an  ice  cover  or  the  hydraulic  integrity  of 
the  river  The  data  gained  from  the  proiect  has  been 
used  to  calibrate  mathematical  and  hydraulic  model- 
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ing  techniques  which  would  be  used  in  future  design 
optimization  of  other  ice  control  structures  in  the  St. 
Lawrence  River 

During  the  1974-75  season,  an  operational  plan 
was  established  for  the  St  Marys  River  to  deal  with  the 
island  transportation  problem.  It  operated  in 
successive  years,  anticipating  potential  ice  problems  to 
the  ferry  service,  and  improving  methods  of  coping 
with  temporary  ferry  interruption  The  plan  allowed 
for  the  complete  termination  of  winter  shipping  should 
ferry  sersice  become  seriously  inteirupted 

A  model  study  was  conducted  of  the  I  idle  Rapids 
Cut  area  of  the  St  Marys  River  in  FY  75  Asa  result, a 
navigation  ice  control  boor  was  installed  to  alleviate 
nav  igation-rclated  ice  problems  The  boom,  reinstalled 
m  each  consecutive  year,  has  been  augmented  withad- 
ditional  ice  stabilization  structures,  and  closely 


monitored  with  strain  gauges. 

Other  activities  included  an  outdoor  recreation 
study  on  the  St.  Marys  River,  a  fish  study  at  a  proposed 
long  line  bubbler  site,  pressure  wave  measurements, 
and  a  study  of  effects  of  turbulence  on  water  sediments 
and  organisms 

FY  76 

For  the  second  consecutive  year,  the  upper  four 
Great  Lakes  operated  on  a  twelve  month  basis.  Ton¬ 
nage  of  all  cargoes  passing  through  the  Soo  Locks  in 
the  St.  Marys  River  reached  5.66  million  tons,  a 
decrease  from  the  previous  season,  but  in  keeping  with 
decreases  in  overall  waterborne  traffic  throughout  the 
world  in  1975.  The  season  on  the  St.  Lawrence  River 
ended  on  20  December 
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Ice  near  the  Soo  Locks. 


The  bubbler/  flusher  system  was  again  operated  to 
assist  the  operation  of  the  Sugar  Island  ferry.  The  Lime 
Island  airboat  was  also  tested  this  fiscal  year.  Further 
tests  of  electronic  aids  to  navigation  were  performed, 
including  RACONs,  laser  range  lights,  and  precise 
laser/ radar  navigation  systems.  Initial  tests  were  per¬ 
formed  on  the  use  of  mini  Loran-C  in  the  St.  Marys 
River. 

Based  on  the  results  of  the  St.  Marys  River  model 
study  of  the  Little  Rapids  Cut,  an  ice  boom  with  a 
navigation  gap  was  installed  above  the  Cut  to  provide  a 
positive  test  of  the  ability  of  a  boom  with  a  navigation 
gap  to  retain  ice  when  major  vessels  move  through  it. 

A  study  was  completed  of  the  St.  Ciair-Detroit 
Rivers  System  to  identify  measures  necessary  to  extend 
the  season  in  that  system.  A  four  part  study  plan  for  en¬ 
vironmental  baseline  collection  and  preliminary 
evaluation  of  the  St.  Lawrence  River  was  initiated  by 
SLSDC.  The  studies  included  fisheries,  recreation, 
shoreline  erosion  and  structure  damage,  and  potential 
effects  on  island  transportation. 

In  addition,  the  St.  Lawrence  River  ice  breakup 
forecast  was  completed  and  became  operational  in  FY 
76  and  the  Saginaw  Bay  thermal  ice  suppression 
system  was  tested. 

FY7 7 

The  winter  of  1976-77  was  particularly  severe, 


causing  the  demonstration  effort  to  close  down  during 
the  month  of  February  for  an  I  I-month  season  on  the 
upper  four  Great  Lakes.  Tonnage  shipped  through  the 
Soo  Locks  totaled  2.94  million  tons.  Contributing  to 
the  low  tonnage  totals  for  that  season  was  the  fact  that 
ore  inventories  in  the  industrial  centers  of  the  lower 
lakes  were  high,  giving  the  shipping  industry  the  option 
of  halting  movement  because  of  adverse  weather  con¬ 
ditions. 

Although  the  Demonstration  Program  was  halted 
for  a  brief  period,  shipping  through  the  Soo  Locks  con¬ 
tinued  throughout  the  winter  at  the  request  of  the 
Canadian  government  to  enable  it  to  ship  emergency 
cargoes  of  fuel  oil. 

The  shipping  season  on  the  St.  Lawrence  River 
again  was  extended  several  days  beyond  the  traditional 
closing  date,  but  the  severe  conditions  delayed  the 
opening  of  the  river  threi  days  beyond  the  April  target 
date. 

Funding  constraints  limited  FY  77  demonstration 
activities  primarily  to  ongoing  activities,  including 
icebreaking  operations,  operation  of  the  Ice  Naviga¬ 
tion  Center,  ice  and  weather  forecasts,  operation  of  the 
St.  Marys  River  ice  boom,  and  those  activities 
necessary  to  insure  island  transportation  for  the  St. 
Marys  River  area. 

Other  activities  conducted  were  modeling  of  the 
Galop  Island  ice  boom  modifications  and  a  continua¬ 
tion  of  environmental  studies  on  the  St.  Lawrence 
River  by  the  Department  of  the  Interior. 


FY78 

For  the  third  time,  the  Demonstration  Program 
extended  the  navigation  season  to  a  full  12  months  on 
the  upper  four  Great  Lakes.  Tonnage  shipped  through 
the  Soo  Locks  rose  to  6.84  million  tons.  The  shipping 
season  on  the  St.  Lawrence  was  extended  to  the  latest 
closing  date  of  the  program  (26  December  1977); 
however,  the  season  opening  was  again  delayed  two 
days  beyond  the  target  opening  date. 

The  majority  of  this  year’s  activities  centered 
around  the  St.  Marys  River.  The  ice  boom  was 
reinstalled  above  the  Little  Rapids  Cut,  along  with  ad¬ 
ditional  ice  stabilization  measures,  and  was  monitored 
throughout  the  season.  The  Lime  Island  airboat  and 
Sugar  Island  bubbler/ flusher  were  again  tested  and 
operated.  A  study  was  undertaken  to  determine  effects 
of  ship  induced  vibrations  on  shore  structures.  A 
limited  shore  erosion  and  dock  damage  protection 
study  was  undertaken.  ■ 
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A  series  of  activities  were  undertaken  to  determine 
the  effects  of  winter  navigation  in  the  area  at  the  head 
of  the  St.  Clair  River,  inciudinga  model  study  and  field 
data  collection.  Environmental  studies  werecontinued 
on  the  St.  Lawrence  River  and  a  study  of 
macrobenthos  was  undertaken  by  the  Department  of 
the  Interior  in  the  St.  Clair  River. 

The  New  York  Department  of  Environmental 
Conservation  (NYDEC)  funded  under  the  Demonstra¬ 
tion  Program  conducted  assessment  studies  to  deter¬ 
mine  possible  adverse  effects  of  Demonstration 
Program  activities  on  the  St.  Lawrence  River. 

FY79 

Again  in  FY  79,  the  final  year  of  the  Demonstra¬ 
tion  Program,  the  navigation  season  on  the  upper  four 
Great  Lakes  was  extended  to  a  full  12  months.  There 
were  536  transits  through  theSoo  Locks  during  the  ex¬ 
tended  season,  carrying  a  total  of  6.63  million  tons  of 
cargo.  Shipping  on  the  St.  Lawrence  River  continued 
until  22  December  1978. 

During  this  final  year  of  the  program  the  same 
operational  activities  (as  done  in  previous  years)  were 
conducted  to  provide  transportation  to  the  Island 
residents  including  the  ice  boom,  stabilization  islands, 
Sugar  Island  bubbler/  flusher,  and  the  Lime  Island  air- 
boat. 

A  number  of  environmental  studies  were  con¬ 
ducted  during  this  fiscal  year.  These  studies  included 
an  analysis  of  control  sites  within  and  outside  the 
proposed  demonstration  corridor  on  the  St.  Lawrence 
River,  a  comparative  study  of  the  St.  Marys  and  St. 
1  awrence  Rivers,  a  St,  Lawrence  River  fisheries  study, 
a  study  of  ship-induced  waves  in  an  ice  environment, 
and  a  study  of  the  effects  of  winter  navigation  on 
waterfowl  and  raptorial  birds  in  the  St.  Marys  River 
area. 

Again  this  year,  intensive  studies  were  performed 
to  document  ice  conditions  on  the  St.  Marys  River. 
I  heoe  studies  included  vertical  aerial  and  time-lapse 
photography,  aerial  reconnaissance,  ice  thickness 


A  cold  afternoon  at  sea. 


measurements,  and  the  continuation  of  shore  erosion, 
shore  structure  damage ,  and  hanging  dam  studies.  Ice 
marking  and  monitorii.g  and  measurement  of  water 
levels  and  air  and  water  temperatures  were  also  con¬ 
ducted.  The  Great  Lakes  Environmental  Research 
Laboratory  continued  its  efforts  with  both  short  and 
long  range  freeze-up  and  break-up  forecasts. 

The  National  Weather  Service  installed  ad¬ 
ditional  equipment  to  receive  weather  satellite  and 
Side  Looking  Airborne  Radar  reconnaissance  imagery 
in  an  effort  to  improve  the  quality  of  ice  forecasts  and 
charts  for  Coast  Guard  and  shipping  operations. 

A  model  study  initiated  in  FY  78  was  conducted  in 
F Y  79  of  t  he  St.  Clair  River  to  determine  the  optimum 
design  of  an  ice  control  structure  at  the  head  of  the  St. 
Clair  River.  The  study  was  supported  by  field  data,  in¬ 
cluding  drogue  studies  to  determine  water  velocities, 
measurement  of  under-ice  water  velocities,  collection 
of  additional  weather  data,  and  time-lapse 
photography  of  ice  movement  at  the  head  of  the  St. 
Clair  River. 

Modifications  to  the  Main  Galop  Island  and 
Ogdensb'irg-Prescott  ice  booms  to  allow  test  transits 
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Part  IV:  Summary  of  Season  Extension  Results 
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Transit  In  the  ice. 


of  vessels  were  scheduled  to  take  place  in  FY  79.  These 
tests  were  indefinitely  postponed  because  resolution  of 
water  levels  and  flow  predictions  from  model  studies 
could  not  be  achieved  and  because  environmental 
baseline  data  could  not  be  obtained  within  the  time 
limitations  of  the  program  authorization. 

Opposition  by  private  and  governmental  agencies 
of  the  State  of  New  York  was  instrumental  in  focusing 
this  lack  of  data.  Additionally,  the  question  of  whether 
the  State  of  New  York,  the  international  Joint  Com¬ 
mission  (1JC)  or  the  Corps  of  Engineers  had  jurisdic¬ 
tion  pertaining  to  the  installation  of  booms,  was  not 
resolved. 

Other  studies  conducted  were:  continuing  tests  of 
effectiveness  of  ice  booms;  the  determination  of  forces 
on  structures  by  both  stable  and  moving  ice;  and 
demonstration  of  measures  for  dock  structure  protec¬ 
tion. 

The  Coast  Guard  received  the  first  in  a  new  class 
of !  40-foot  icebreaking  tugs  which  will  replace  some  of 
the  older  vessels,  greatiy  upgrading  Great  Lakes 
icebreaking  capabilities. 


The  Demonstration  Program  activities  were 
successful  in  substantially  extending  the  season  on  the 
upper  four  Great  Lakes  during  the  entire  program. 

During  the  latter  half  of  the  program,  the  naviga¬ 
tion  season  on  the  upper  four  Great  Lakes  was  extend¬ 
ed  to  a  full  twelve  months.  The  closing  date  for  the  nor¬ 
mal  operating  season  for  this  system  had  been  16 
December. 

Over  41  million  tons  (approximately  4,000  vessel 
transits)  of  various  cargoes  were  shipped  through  the 
St.  Marys  River  during  the  extended  season;  more 
than  half  of  this  total  was  iron  ore. 

Much  information  was  acquired  on  ice  conditions 
throughout  the  system,  and  improved  techniques  were 
developed  for  collecting,  disseminating  and 
forecasting  such  information. 

Traffic  movement  in  the  International  Section  of 
the  St.  Lawrence  River  above  Montreal  continued  to 
26  December,  which  was  two  weeks  beyond  the 
previously  established  closing  date  of  1 2  December.  Ice 
boom  improvements  which  will  allow  vessel  movement 
through  the  booms  have  now  been  designed  for  this 
section  of  the  River.  Both  physical  and  mathematical 
model  studies  have  been  conducted  which  indicate  that 
minimal  adverse  effects  will  occur  to  the  water  level  of 
Lake  Ontario  or  flow  of  the  St.  Lawrence  River. 
Because  of  time  constraints,  environmental  and 
hydraulic  questions  could  not  be  resolved,  thereby 
precluding  actual  vessel  transit  tests  in  the  area. 

A  significant  portion  of  the  resources  for  the 
Demonstration  Program  was  used  to  investigate  sup¬ 
porting  systems  for  winter  navigation  season  exten¬ 
sion.  The  basic  information  collected  from  continued 
development  of  ice  forecast  techniques,  data  acquisi¬ 
tion,  surveillance  of  ice  conditions,  and  special  studies 
will  be  useful  as  a  partial  data  base  against  which  to 
compare  future  evaluations  of  the  environmental 
effects  associated  with  navigation  season  extension. 

The  findings  and  conclusions  derrived  from  the 
Demonstration  Program  have  been  summarized  in 
Part  IV  of  the  report  beginning  on  page  129. 
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I.  GREAT  LAKES  AND 
ST.  LAWRENCE  SEAWAY 
WINTER  NAVIGATION: 
ITS  BEGINNING 


The  need 


With  the  opening  of  the  bi-national  St.  Lawrence 
Seaway  in  1959,  the  Great  Lakes-St.  Lawrence  Seaway 
became  a  navigable  deep  draft  system,  extending  near¬ 
ly  half-way  across  the  North  American  continent. 

In  the  winter  months,  normally  between  mid- 
December  and  early  April,  the  system  is  closed  down 
by  winter  weather  and  ice  conditions.  The  ports  of  the 
Lakes,  among  the  largest  in  the  Nation,  with  their  giant 
gantries  and  their  extensive  cargo  moving  apparatus, 
are  effectively  closed  and  many  of  their  people  are 
without  or  seek  other  employment.  Ocean  vessels  are 
excluded  from  the  system  and  lakers  head  for  winter 
mooring.  Normal  waterborne  commerce  all  but  stops. 

The  industrial  heartland  of  America,  which  calls 
upon  water  transportation  to  provide  its  raw  materials, 


reverts  to  more  costly  means  of  supply:  the  stockpiling 
of  materials  for  continuing  operation  during  the  winter 
months  or  shipping  by  overland  modes. 

For  many  years  and  particularly  since  the  opening 
of  the  Seaway,  commercial  shipping  interests  have 
considered  the  potential  of  an  extension  to  the  naviga¬ 
tion  season.  Car  ferries,  in  fact,  do  continue  to  operate 
year-round  and,  weather  permitting,  coal  is  moved 
from  Toledo  to  Detroit  and  various  petroleum 
products  are  moved  in  Lake  Michigan  and  the  Detroit 
area.  However,  other  upper  lakes  navigation  was  forc¬ 
ed  to  cease  during  the  winter  months— in  part  because 
of  ice  conditions— but  also  because  it  was  not  practical 
to  handle  frozen  cargoes,  especially  iron  ore.  Then  the 
development  of  taconite  pellets  in  the.late  fifties  to  ex¬ 
tend  the  waning  supply  of  iron  ore  in  Minnesota  and 
Michigan  made  winter  material  handling  operations 
feasible.  This  led  directly  to  renewed  interest  in  the 
possibility  of  extending  the  navigation  season  into  the 
winter  months. 

The  basic  purpose  of  the  Demonstration  Program 
was  to  demonstrate  the  practicability  of  extended 
season  navigation,  utilizing  for  the  most  part,  existing 
knowledge  and  current  technology.  An  associated  pur¬ 
pose  was  improving  the  state-of-the-art  where  existing 
technology  was  unable  to  cope  with  the  problems. 


The  system  and  the  region  it  serves 


The  Great  Lakes  Basin,  including  the  five  Great 
Lakes  —  Superior,  Michigan,  Huron,  Erie  and  On- 
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tario  —  comprises  a  land  area  of  over  300,000  square 
miles  drained  by  the  St.  Lawrence  River  through  the 
Gulf  of  St.  Lawrence  into  the  Atlantic  Ocean.  Com¬ 
bining  the  St.  Lawrence  River,  the  basins  of  lakes  and 
lakeway  channels,  the  waterway  encompasses  some 
95,000  square  miles.  The  principal  connecting  channels 
in  the  system  are  the  St.  Marys  River  between  Lakes 
Superior  and  Huron,  the  Straits  of  Mackinac  between 
Lakes  Michigan  and  Huron,  the  St.  Clair  River-Lake 
St.  Clair-Detroit  River  system  between  Lakes  Huron 
and  Erie,  and  the  Welland  Canal  between  Lakes  Erie 
and  Ontario. 

Navigation  locks  are  located  on  three  sections  of 
the  system:  on  the  St.  Lawrence  River;  on  the  Welland 
Canal;  and  on  the  St.  Marys  River  (Soo  Locks).  The 
locks  provide  a  lift  of  nearly  580  feet,  between  Mon¬ 
treal  and  the  head  of  the  Great  Lakes.  Lake  vessels 
1,000  feet  long  and  105  feet  wide  can  traverse  the 
largest  of  the  five  parallel  locks  at  Sault  Ste.  Marie  in 
the  St.  Marys  River.  Below  Lake  Erie  vessel  size  is 
limited  by  lock  dimensions  to  730  feet  in  length  and  76 
feet  in  width.  The  channels  and  some  30  major  harbors 
in  the  system  have  been  improved  through  dredging  to 
maintain  a  27-foot  controlling  depth  below  low  water 
datum. 

Depth  over  the  sills  of  all  locks  in  the  St.  Lawrence 
River  and  the  Welland  Canal  is  30  feet.  At  the  Soo 
Locks  the  depth  for  the  Mac  Arthur  and  Poe  Locks  are 
31  and  32  feet,  respectively,  allowing  transit  of  vessels 
drawing  up  to  25  feet  6  inches  through  the  entire  Great 
Lakes/ St.  Lawrence  Seaway  system. 

The  Great  Lakes  region  is  defined  as  consisting  of 
a  19-state,  economically  identifiable  tributary  area  in¬ 
cluding  the  eight  states  bordering  the  Lakes 
(Minnesota.  Wisconsin,  Illinois,  Indiana,  Michigan, 
Ohio,  Pennsylvania  and  New  York)  and  eleven  adja¬ 
cent  states  (Montana,  Wyoming,  Colorado,  North 
Dakota,  South  Dakota,  Nebraska,  Kansas,  Iowa,  Mis¬ 
souri,  Kentucky  and  West  Virginia).  This  19-state 
region  generates  25%  of  the  Nation’s  general  cargo 
traffic  and  16%  of  the  bulk  cargo,  including 
midwestern  grain  shipments. 

In  1977  the  Great  Lakes-St.  Lawrence  Seaway 
System  carried  186  million  tons  of  cargo,  including 
significant  percentages  of  U.S.  waterborne  traffic  in 
iron  ore  (72%),  coal  (19%),  limestone  (76%)  and  gyp¬ 
sum  (98%). 

Two  of  the  five  largest  U.S.  cities  with  a  popula¬ 
tion  in  excess  of  one  million— Detroit  and 
Chicago- -are  located  on  the  Great  Lakes.  Based  on 
1970  figures,  within  the  U.S.  portion  of  the  Great 
Lakes  Basin  area  are  some  30  million  people  --  more 


Vessel  transiting  the  St.  Marys  River. 


View  of  Ice  conditions  over  air  bubbler. 
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Vessel  passes  marker  in  St.  Marys  River. 


than  14%  of  the  total  U.S.  population.  The  Basin  con¬ 
tains  several  national  industrial  centers  and  is  oriented 
toward  manufacturing.  In  fact,  nearly  four  million 
people  —  35%  of  the  business  labor  force  --  are 
employed  in  manufacturing. 

The  Basin  contains  extensive  mineral,  forest, 
agricultural,  and  fish  and  wildlife  resources.  Nearly 
half  of  the  Nation's  steel  production,  1 2%  of  its  mining, 
and  37%  of  its  grain  emerge  f  rom  the  eight  Great  Lakes 
States  alone.  Also  included  within  the  Great  Lakes 
Basin,  of  course,  are  heavily  populated  areas  in  the 
provinces  of  Ontario  and  Quebec,  including  the  two 
largest  cities  in  Canada— Toronto  and  Montreal. 


Congressional  support 


Prior  studies 

Prior  to  the  authorization  of  the  present 
Demonstration  Program,  Congress  funded  a  concep¬ 
tual  study  under  Sec.  304  of  the  1965  River  and  Harbor 
Act  (PL  89-298).  The  purpose  of  this  study,  entitled 
Feasibility  Report  on  Great  Lakes  and  St.  Lawrence 
Seaway  Navigation  Season  Extension,  was  to  provide 
a  preliminary  report  on  the  practicability,  methods  and 
economic  justification  for  an  extension  of  the  naviga¬ 
tion  season  on  the  Great  Lakes-St.  Lawrence  Seaway 
System. 

The  study  identified  precise  problems  of  winter 
navigation  that  currently  preclude  general  intra-lake, 
inter-lake  and  international  navigation.  It  included  a 
review  of  world-wide  techniques  and  experience,  and 
identified  the  existing  and  potential  physical  and 
economic  means  which  might  be  used  to  eliminate  — 
either  partially  or  totally  —  the  problems  associated 
with  navigation  under  total  ice  conditions.  The  report 
recommended  that  a  full  scale  study  of  the  Great 
Lakes-St.  Lawrence  Seaway  System  be  authorized  in 
order  to  determine  means  of  extending  the  navigation 
season,  including  (but  not  limited  to)  a  determination 
of  costs,  economic  justification  and  the  environmental 
effects. 

Current  legislation 

The  Winter  Navigation  Demonstration  Program 
was  authorized  by  Congress  in  Sec.  107  of  the  River 
and  Harbor  Act  (PL  91-611),  approved  31  December 
1970.  The  Program  authorization  is  composed  of  three 
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parts:  (l)Section  107(a);  a  Survey  Study  todetermine 
the  economic  justification,  engineering  practicability, 
and  environmental  and  social  impacts  of  an  extended 
navigation  season.  (2)  Section  107(b);  the  Demonstra¬ 
tion  Program,  an  action  program  aimed  at 
demonstrating  both  the  practicability  and  the  means  of 
extending  the  navigation  season,  and  (3)  Section 
107(c),  a  study  of  ways  and  means  to  provide 
reasonable  insurance  rates  for  shippers  and  vessels 
engaged  in  waterborne  commerce  beyond  the  current 
navigation  season. 


Section  107(a);  In  partial  response  to  the  Sttrvey 
Study  authority  an  Interim  Feasibility  Study  report 
dated  March  1976  was  prepared  and  recommended  an 
extension  of  the  shipping  season  to  31  January  (f  two 
weeks)  on  an  operational  basis  for  the  upper  four  Great 
Lakes  —  Superior,  Michigan,  Huron  and  Erie  — and 
their  connecting  channels. 

Section  107(b)  of  the  Act  stipulated  that,  the 
results  of  the  Demonstration  Program  should  be  sub¬ 
mitted  to  Congress  not  later  than  30  July  1974. 
However,  Section  70  of  the  Water  Resources  Develop- 


ment  Act  of  1974  (PL  93-251)  amended  the  submittal 
date  to  31  December  1976,  and  the  Water  Resources 
Development  Act  of  1976  (PL94-587) further  amend¬ 
ed  the  submittal  date  to  30  September  1979  and  in¬ 
creased  the  total  funds  for  the  program  to  $15,968,000. 

Many  key  problems  identified  in  the  initial  con¬ 
ceptual  survey  study  are  addressed  <n  the  Demonstra¬ 
tion  Program  to  determine  if  the  problems  can  be 
physically  overcome  to  permit  winter  navigation  in  the 
system.  The  Demonstration  Program  Final  Report 
does  not  contain  recommendations.  Only  findings  and 
conclusions  concerning  the  results  of  the  extended 
season  effort  through  FY  79  are  included  in  the  report. 
The  Demonstration  Program  is  a  test  of  methods  for 
winter  navigation.  It  does  not  address  feasibility  of 
season  extension,  and  ends  in  September  1979  with  the 
submission  to  Congress  of  this  Demonstration 
Program  Final  Report. 

Task  management 

The  Demonstration  Program  is  organized  under 
the  broad  terms  of  a  Memorandum  of  Understanding 
signed  at  the  headquarters  level  by  the  represented 


Federal  Agencies.  The  complete  memorandum  iscitcd 
on  page  135.  The  Winter  Navigation  Board  is  es¬ 
tablished  under  the  memorandum  to  direct  the  multi¬ 
agency  organization.  The  Winter  Navigation  Board  is 
composed  of  senior  representatives  of  the  participating 
Federal  agencies  and  invited  non-Federal  public  and 
private  interests  to  coordinate  planning,  program¬ 
ming,  budgeting,  execution  and  reporting  or  in¬ 
vestigations  and  demonstration  activities. 

The  agencies  represented  on  the  Board  arc  the 
Corps  of  Engineers,  Coast  Guard,  St.  Lawrence 
Seawa'  '  nent  Corporation,  Department  of  the 
Interio  ..  .me  Administration,  National  Oceanic 
and  Atmospheric  Administration,  Federal  Energy 
Regulatory  Commission,  Environmental  Protection 
Agency,  Great  Lakes  Commission,  and  Great  Lakes 
Basin  Commission.  An  Advisory  Group  to  the  Board, 
formed  to  provide  input  from  industry  and  labor, 
provides  two  members  to  serve  on  the  Board.  Ad¬ 
ditionally  a  representative  of  the  eight  Great  Lakes 
states  is  a  member  of  the  Board .  Observers  from  the  St. 
Lawrence  Seaway  Authority  of  Canada,  the  Canadian 
Coast  Guard,  the  International  Joint  Commissionand 
the  U.S.  Department  of  State  are  also  included  in  the 
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Board  structure,  as  well  as  technical  advisors  represen¬ 
ting  the  U.S.  National  Aeronautics  and  Space  Ad¬ 
ministration  and  the  Energy  Research  and  Develop¬ 
ment  Administration. 

The  Division  Engineer.  North  Central  Division, 
Corps  of  Engineers,  serves  as  Chairman  of  the  Winter 
Navigation  Board;  the  Coast  Guard  Commandant.  9th 
Coast  Guard  District,  is  vice-chairman. 

A  Working  Committee,  similarly  constituted  as 
the  Board,  directs  seven  Work  Groups  w hich  carry  out 
the  program  activities  approved  by  the  Board.  The 
Working  Committee  provides  continuous  coordina¬ 
tion  of  program  activities  and  develops  and  coor¬ 
dinates  plans,  programs,  budgets,  schedules,  work 
descriptions,  and  reports  for  consideration  by  the 
Board.  The  District  Engineer.  Detroit  District,  Corps 
of  Engineers,  serves  as  Chairman  of  the  Working  Com¬ 
mittee. 

The  investigation  and  demonstration  activities 
were  divided  among  the  seven  program  elements 
(Work  Groups)  with  a  Federal  agency  designated  as 
lead  agency  for  each.  Each  work  group  is  listed  with  a 
brief  statement  of  its  objective. 

ice  Information  (National  Oceanic  and  At¬ 
mospheric  Administration);  Activities  involved 
documenting  ice-cover  formation,  movement, 
and  decay:  collection  of  operational  data  on  ice 
and  weather  conditions,  and  the  development 
of  short-  and  long-range  forecasts  of  ice  con¬ 
ditions. 

Ice  Navigation  (U.S.  Coast  Guard);  To  provide 
safe  and  efficient  movement  of  vessels  through 
ice-covered  waters. 

Ice  Engineering  (U.S.  Army  Corps  of  Engineers); 
To  assess  and  advance  the  state-of-the-art  in  ice 


mechanics  and  engineering  as  required  for 
winter  navigation  on  the  Great  lakes-St. 
Lawrence  Seaway  System,  to  develop  adequate 
instrumentation  and  measurement  techniques, 
and  to  develop  design  criteria  for  structures  to 
withstand  ice  forces. 

Ice  Control  (St.  Lawrence  Seaway  Development 
Corporation);  To  demonstrate  the  feasibility  of 
winter  navigation  on  the  St.  Lawrence  River. 

Ice  Management  in  Channels,  Locksand  Harbors 
(U.S.  Army  Corps  of  Engineers);  To  develop 
and  implement  techniques,  operating 
procedures,  and  ice  control  devices  for  effective 
and  efficient  vessel  operation  during  the  winter 
navigation  season. 

Economic  Evaluation  (U.S.  Army  Corps  of 
Engineers);  To  define  items  having  economic 
feasibility  for  winter  navigation  on  the  Great 
Lakes  and  St.  Lawrence  Seaway. 

Environmental  Evaluation  (Environmental 
Protection  Agency);  Evaluation  of  en¬ 
vironmental  effects  of  specific  demonstration 
projects  that  involved  physical  contact  or  in¬ 
teraction  with  the  environment.  Provide  super¬ 
vision  and  guidance  on  thedata  needs,  methods 
of  evaluation,  and  preparation  of  the  en¬ 
vironmental  assessments. 

Each  lead  agency  was  responsible  for  carrying  out  its 
element  of  the  program  utilizing  its  own  manpower, 
but  with  support  from  other  Government  agencies  and 
outside  contracts,  as  necessary. 

The  organization  also  included  a  Human  Factors 
Subgroup  within  the  Ice  Navigation  Work  Group.and 
representatives  of  the  eight  Great  Lakes  states  and  the 
Sierra  Club  within  the  Environmental  Evaluation 
Work  Group. 
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A  State  Observers  Group  represents  individual 
states  and  provides  liaison  between  the  eight  bordering 
Great  Lakes  states  and  the  Working  Committee.  The 
observers  report  back  to  their  states  on  the  activities  of 
the  Demonstration  Program  and  also  report  their 
state's  interests  to  the  Working  Committee. 

A  Public  Involvement  Subcommittee  of  the 
Working  Committee  is  composed  of  members  of  the 
various  concerned  government  agencies,  and  was 
formed  to  keep  the  public  advised  of  Demonstration 
Program  activities.  Contact  with  news  media,  the 
publishing  of  information  bulletins,  and  the  conduc¬ 
ting  of  seminars  are  among  the  activities  of  the  sub¬ 
committee. 

A  Legal  Committee  consists  of  representatives 
from  the  Corps  of  Engineers,  St.  Lawrence  Seaway 
Development  Corporation,  Power  Authority  of  the 
State  of  New  York,  and  the  Toledo-Lucas  County  Port 
Authority.  The  purpose  of  this  Committee  is  to  iden¬ 
tify  the  legal  questions  and  responsibilities  related  to 
an  extension  of  navigation  season  into  the  winter 
months. 

The  program  elements  of  the  work  groups  fall  into 
two  primary  areas:  The  Ice  Information,  Ice  Naviga¬ 
tion,  Ice  Engineering.  Ice  Control  and  Ice  Manage¬ 
ment  work  groups  comprise  the  action  program  deal¬ 
ing  with  the  demonstration  of  the  extended  season's 
practicability  within  their  designated  areas  of  respon¬ 
sibility.  The  Economic  Evaluation  and  Environmental 
Evaluation  Work  Groups  arc  responsible  for  analyzing 
the  environmental  effects  and  economic  costs  of 
specific  demonstration  activities. 

The  Demonstration  Pro/p-am  Final  Report 

This  report  is  divided  into  five  main  sections  as 
follows: 

1)  The  Winter  Navigation  Board  Summary 
Report  which  contains  a  broad  overview  of  the  entire 
Demonstration  Program. 

2)  Part  1,  a  genera!  review  of  the  background  of 
the  program  and  the  organization  of  the  Demonstra¬ 
tion  Program  effort. 

3)  Part  11;  a  description  of  the  problems  faced  in 
an  extended  navigation  season. 

4)  Part  III;  a  discussion  of  the  activities  under¬ 
taken  during  the  Demonstration  Program  together 
with  the  corresponding  results. 

5)  Part  IV;  an  overview  of  the  conclusion  that  can 
be  drawn  from  the  Demonstration  Program  activities. 


Other  reports 

The  activities,  findingsand  conclusions  during  the 
first  five  years  of  the  Demonstration  Program,  as  in¬ 
dicated  previously,  have  been  described  in  fourannual 
reports  and  a  Demonstration  Program  Report 
prepared  at  the  end  of  FY  76.  Other  reports  dealing 
with  key  controversial  issues  have  been  prepared  in¬ 
cluding  the  following. 

A  report,  "Legal  Considerations  Associated  with 
an  Extension  of  the  Navigation  Season  on  the  Great 
Lakes  and  St.  Lawrence  Seaway,"  was  prepared  by  the 
Legal  Committee.  The  Legal  Committee  was  establish¬ 
ed  to  consider  the  problems  that  may  result  from  ac¬ 
tivities  conducted  by  the  Winter  Navigation  Board  and 
interested  federal  agencies  to  extend  the  navigation 
season.  The  areas  of  potential  impact  which  were  con¬ 
sidered  included  damage  incidental  to  navigation  such 
as  damage  to  locks,  harbor  facilities,  and  vessels.  Other 
types  of  damage  primarily  ice  related,  included  ice 
scouring  of  the  shoreline,  damage  to  shoreline  struc¬ 
tures.  ice  clogging  of  water  intakes  and  sewage  outfalls, 
and  reduction  of  flows  at  powerhouses  due  to  ice  jams. 
While  these  types  of  damages  may  occur  naturally  it  is 
felt  by  some  that  they  may  occur  with  greater  frequen¬ 
cy  and  potentially  greater  severity  during  an  extended 
season  with  its  associated  ship  movement  in  ice.  The 
Legal  Committee  also  advised  the  Winter  Navigation 
Board  as  to  the  rights  and  liabilities  of  the  United 
States  with  respect  to  an  extended  navigation  season. 
The  conclusions  reached  by  the  Legal  Committee  have 
been  incorporated  into  the  Survey  Study. 

A  three-volume  report,  "Environmental 
Assessment:  FY  79  Winter  Navigation  Demonstra¬ 
tion  on  the  St.  Lawrence  River,"  funded  under  the 
Demonstration  Program,  was  prepared  by  the  New 
York  State  Department  of  Environmental  Conserva¬ 
tion  in  cooperation  with  the  State  University  of  New 
York  College.  New  York  College  of  Environmental 
Science  and  Forestry.  This  environmental  assessment 
suggested  possible  aoverse  environmental  impacts  of 
the  proposed  FY  79  Demonstration  Program  to  the  St. 
Lawrence  River,  and  its  terrestrial  riverine  ecosystems 
in  relation  to  physical,  biological  and  cultural 
resources.  It  was  the  explicit  basis  of  the  Commissioner 
of  the  New  York  Department  of  Environmental  Ob¬ 
servation  in  concluding  the  risks  of  a  Demonstration 
Program  were  too  great  without  extensive  and  system- 
wide  environmental  studies  being  accomplished 
beforehand. 
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II.  OBSTACLES 


This  section  contains  a  brief  overview  of  the 
problems  encountered  with  the  extension  of  the 
navigation  season  on  the  Great  Lakes-St.  Lawrence 
Seaway.  It  is  followed  by  a  section  discussing  the  ac¬ 
tivities  undertaken  to  show  these  problems  can  be 
engineeringly  overcome.  Also  in  that  section  is  a  dis¬ 
cussion  of  the  results  of  those  activities. 


Nature  and  ice 


General  climate  conditions 

The  Great  Lakes  lie  between  latitude  4 1 0  2 1 '  N  and 
49°00'  N  and  longitude  76°04'  W  and  92°06'  W,  at  the 
confluence  of  major  storm  tracks  that  cross  the  North 
American  continent.  Because  of  the  immense  size  of 
the  Basin,  a  wide  variety  of  weather  conditions  can  ex¬ 
ist  at  the  same  time. 

The  water  volume  (5,500  cubic  miles)  and  surface 
area  (95,000  sq.  miles)  of  the  Great  Lakes  act  both  to 
influence  temperatures  and  function  as  a  reservoir  for 
the  storage  and  exchange  of  heat  energy  with  the  at¬ 
mosphere. 

Average  annual  temperatures  range  from  39.0°  F 
on  Lake  Superior  to  48.7°  F  on  Lake  Erie,  with 
minimum  monthly  temperatures  generally  occurring 
in  January  and  February. 


Precipitation  in  the  form  of  rain,  snow,  and  con¬ 
densation  is  the  source  of  water  for  the  Great  Lakes. 
The  mean  annual  precipitation  (1900  -  1978)  for  Lake 
Superior,  Lake  Michigan,  Lake  Huron,  Lake  Erie,  and 
Lake  Ontario  basins  are  29.7, 3 1 .4, 3 1 .4, 34.0,  and  34.6 
inches,  respectively.  The  number  of  days  having 
measurable  precipitation  ranges  from  an  average  of 
169  days  east  of  Lake  Ontario  and  155  days  along  the 
southern  shore  of  Lake  Superior  to  119  days  at  the 
southern  end  of  Lake  Michigan. 

Winter  climate 

The  range  of  winter  temperatures  across  the  Great 
Lakes  Basin  can  be  seen  by  comparing  the  January 
monthly  mean  temperatures  at  Cleveland  and 
Duluth:  for  the  former,  on  the  south  shore  of  Lake 
Erie,  27.5°  F  and  at  Duluth  8.8°F,  a  difference  of  more 
than  18°  F.  These  wide  differences  in  temperature  also 
account  for  variations  both  in  severity  and  in  the  length 
of  the  winter  season  which,  in  turn,  determines  the  ex¬ 
tent  of  the  ice  cover  on  the  Lakes. 

The  moderating  effect  of  the  Lakes  on  the 
temperature  regime  is  pronounced  during  the  winter, 
when  mean  lake  temperatures  may  be  as  much  as  30°  F 
warmer  than  me?"*  air  temperatures.  This  differential 
results  in  high  rates  of  evaporation  which,  when 
carried  over  land,  creates  heavy  snowfall  downwind  of 
each  of  the  Lakes.  This  effect  is  reduced,  of  course, 
when  lake  shores  have  become  ice  covered. 

Seasonal  snowfall  in  the  region  varies  greatly 
from  year  to  year,  with  annual  snowfalls  of  less  than 
20  inches  to  the  south  of  the  lower  Lakes,  while  annual 
snowfalls  exceed  140  inches  east  and  south  of  Lake 
Superior  and  east  of  Lake  Ontario.  Elevated  areas  east 
of  Lake  Erie  can  experience  more  than  100  inches  dur¬ 
ing  a  normal  winter.  The  St.  Lawrence  River  area  has 
an  average  snowfall  of  80  inches. 
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Generalized  ice  conditions  found  in  the  Great 
Lakes-Seaway  System 

A  simple  sequence  of  ice  formation  rarely  occurs 
on  the  Lakes  because  of  the  variable  weather  con¬ 
ditions  that  prevail  during  the  winter  months.  Ex¬ 
tremely  low  air  temperatures  may  occur  for  a  number 
of  days  allowing  an  extensive,  but  thin,  ice  cover  to 
form.  The  cold  spell  may  be  followed  by  warm  weather 
and  strong  winds,  and  consequently  the  thin  ice  cover 
is  broken  up  and  concentrated  on  a  lee  shore  or  melted 
in  the  lake  by  upwelling  warm  water.  The  effects  of 
winds,  currents,  and  upwelling  upon  the  ice  cover 
causes  its  areal  extent  and  distribution  to  change  rapid¬ 
ly.  Large  lake-surface  areas  also  influence  the  ice  cover 
by  causing  it  to  react  to  waterlevel  fluctuations.  Water 
level  changes  tend  to  keep  the  ice  in  a  fluid  state  and 
make  it  more  susceptible  to  wind  and  current  action  It 
can  be  seen  that  ice  cover  on  the  Great  Lakes  is  affected 
by  many  hydro-meterological  factors,  but  each  lake 
has  its  own  characteristics  that  affect  ice  formation  and 
distribution. 

Many  physical  and  environmental  problem  areas 
associated  with  winter  navigation  on  the  Great  Lakes- 
St.  Lawrence  Seaway  System  involve  four  principal 
water  navigation  areas:  (1)  navigation  channels,  both 
interlake  and  on  the  St.  Lawrence  River,  (2)  harbors, 
(3)  locks,  and  (4)  open  lake  courses.  They  are  affected 
by  a  wide  variety  of  icing  conditions.  Ice  in  the  connec¬ 
ting  channels  and  river  channels  severely  limits  vessel 
movements,  especially  at  channel  bends  in  constricted 
areas  and  where  ice  booms  have  been  installed. 
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Ice  cover  in  lakes  and  harbors 

To  move  ships  through  the  solid  ice  cover  intakes 
and  harbors  requires  icebreaking  assistance.  The 
development  of  a  means  of  retarding  or  suppressing  ice 
formation  would  also  ease  the  movement  of  ships.  To 
some  extent,  shifting  ice  cover  and  wind-blown  ice  oc¬ 
cur  on  all  the  Lakes.  Drifting  ice  forms  into  large  ice 
fields  that  shift  with  winds  and  currents.  Icebreaker 


assistance  is  often  required  to  maintain  vessel  tracks 


through  this  ice,  primarily  on  Lakes  Superior, 
Michigan  and  Huron,  and  at  Lake  Ontario's  eastern 
end. 

Lake  Erie,  the  shallowest  of  the  Lakes,  may  free/e 
over  completely,  and  wind  conditions  can  often  shift 
ice  over  the  vessel  tracks  Large  ice  fields  on  the  open 
Lakes  are  capable  of  trapping  vessels  and  physically 
carrying  them  out  of  shipping  lanes,  possibly  even  run¬ 
ning  them  aground. 


In  the  shallower  bays  and  straits  of  the  more 
northern  Lakes,  where  drifting  icc  is  also  prominent, 
high  winds  may  pile  ice  into  windrows  and  pressure 
ridges  10  to  20  feet  above  the  water  and  30  to  35  feet 
below,  often  anchored  to  the  lake  bottom.  Windrows 
create  difficulty  to  navigation  specifically  at  the  en¬ 
trance  to  the  Duluth-Superior  Harbor  at  the  western 
end  of  Lake  Superior,  Whilefish  Bay  and  the  upper  St 
Marys  River  at  *he  foot  of  Lake  Superior,  the  island 
areas  of  northern  Lake  Michigan,  the  Straits  of 


Mackinac  and  the  extreme  eastern  end  of  Lake  F.rie. 

Ice  floes  and  fields  may  be  pushed  by  winds  into 
harbor  areas,  occasionally  halting  vessel  movement 
within  harbors  or  through  the  entrances.  Shifting  or 
lessening  wind  intensity  normally  allows  the  floes  or 
fields  to  drift  back  into  the  lake. 

Ice  conditions  in  the  rivers 

Where  stable  ice  is  disturbed  by  vessel  movement 
or  by  winds  and  thaw  conditions,  the  loose  ice  can 
move  downstream  and  jam  in  constricted  areas.  Ice 
jams  cause  upstream  levels  to  rise,  and  provide  a  flood 
threat  to  low  lying  areas.  This  happens  frequently  in 
the  St.  Marys,  St.  Clair,  Detroit  and  St.  Lawrence 
Rivers  under  natural  conditions,  regardless  of  ship 
movement. 

Ice  jams  can  also  retard  the  normal  flow  of  water, 
reducing  the  amount  available  for  downstream  power 
production,  and  can  hamper  ferry  operations,  increase 
shore  erosion  and  structural  damage. 

Because  the  lengths  of  many  vessels  range  between 
600  and  1 ,000  feet,  ice  cover  in  the  vicinity  of  tight  turns 
or  narrow  channels  tends  to  reduce  the  turning  and 
maneuvering  capabilities  of  the  vessels.  As  a  result. 
Coast  Guard  icebreakers  arc  frequently  required  to 
work  alongside  a  vessel  to  reduce  friction  resistance  or 
to  widen  a  turning  area. 

Power  entities  install  ice  booms  to  help  establish 
and  maintain  stable  ice  covers,  reduce  the  potential  for 
ice  jams  and  insure  a  steady  current  flow  through  in¬ 
take  gates.  Ice  booms  are  traditionally  placed  in  the 
Niagara  and  St.  Uwrence  Rivers  each  winter.  In  the 
International  portion  of  the  St.  Lawrence  River,  two 
booms  extend  across  the  navigation  channel  and  re¬ 
main  there  until  just  before  spring  navigation  in  late 
March. 

Other  ne  conditions 

As  ice  deteriorates  and  is  broken  up  by  winds, 
waves  and  pressure,  it  forms  slush  ice,  one  of  the  most 
difficult  forms  of  ice  to  combat.  Slush  ice  can  close  in 
around  a  vessel,  preventing  movement  in  any  direc¬ 
tion.  It  can  damage  propellers  and  steering  gear,  clog 
condenser  intakes  and  exert  pressure  on  the  hulls  of 
trapped  vessels.  This  is  a  particular  problem  during 
spr  g  break-up  in  Lake  Erie,  because  the  current  and 
prevailing  winds  pack  the  siush  ice  into  a  shallow 
bottleneck  in  the  eastern  end  of  tht  Lake. 


Traffic  control 


Traffic  control  on  the  St.  Lawrence  River  from 
Montreal  through  Lake  Ontario  and  the  Welland 
Canal  to  Lake  Erie  is  accomplished  using  a  joint 
system  managed  by  the  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation  and  the  St.  Lawrence  Seaway 
Authority  of  Canada.  The  system,  which  is  premised 
on  making  the  most  efficient  use  of  the  Seaway  locks,  is 
a  finite  traffic  control  system  which  requires  vessels  to 
make  radio  calls  establishing  their  positions  at  regular 
intervals.  Vessels  are  tracked  on  an  incremental  basis, 
with  the  position  of  each  vessel  recorded  as  it  passes 
designated  calling-in-points.  The  calling-in-points  are 
located  approximately  one  hour’s  sailing  apart,  under 
normal  conditions  and  gives  control  operators  com¬ 
plete  information  for  any  needed  control  of  traffic 
flows  and  patterns.  Additionally,  this  system  provides 
vessel  pilots  and  masters  with  a  total  scope  picture  of 
traffic,  thus  improving  the  safety  and  efficiency  of  tran¬ 
sits. 

A  first-come,  first-served  policy  functions  at  the 
Soo  Locks,  with  downbound  and  upbound  vessels 
alternating  through  the  locks.  During  winter 
operations  at  the  Soo,  however,  the  lockage  of  large 
ore  carriers  can  result  in  lengthy  delays  to  other  ships. 
This  is  due,  among  other  things,  to  the  build-up  of  ice 
on  lock  walls  as  a  result  of  the  size  of  the  vessels. 

This  problem  has  given  rise  to  consideration  of  a 
lockage  policy  other  than  a  first-come,  first-served 
basis  in  order  to  more  efficiently  expedite  shipping. 
The  lockage  of  smaller  ships  (less  than  105  feet  wide) 
before  the  larger  vessels,  provided  they  are  part  of  the 
same  convoy,  would  keep  shipping  moving  more 
rapidly  without  the  problem  of  the  ice  coating  of  lock 
walls.  Other  considerations  that  remain  critical  to  such 
a  judgement  include  the  horsepower  of  the  smaller 
ships,  locking  experience  with  wide  ships,  existing  ice 
conditions,  available  ice  tracks  and  an  ability  to  pass. 
The  basic  policy  of  first-come,  first-served  in  such  cases 
would  continue  except  where  delays  would  be  predic¬ 
table 
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Winter  along  the  St.  Lawrence  Seaway. 


An  extended  navigation  season  will  require 
precise  traffic  control  on  the  upper  lakes  to  assure  the 
safety  of  participating  vessels,  particularly  in  the 
channel  areas. 

Navigation  in  narrow  channels  requires  extra  cau¬ 
tion  particularly  in  those  areas  similar  to  the  Middle 
Neebish  Channel  in  the  St.  Marys  River  and  the 
Livingston  Channel  in  the  lower  Detroit  River.  These 
areas  normally  handle  one-way  traffic,  but  for  an  ex¬ 
tended  season  they  are  required  to  handle  traffic  from 
both  directions.  New  traffic  regulations  and  a  vessel 
traffic  center  may  be  required  to  expedite  this  kind  of 
vessel  movement. 

Except  on  the  Montreal  to  Lake  Erie  portion  of 
the  System  there  is  currently  no  reliable  method  of 
determining  if  a  vessel  has  been  lost  or  damaged  (aside 
from  distress  signals)  until  the  vessel  is  overdue  at  its 
destination  or  until  it  has  failed  to  file  a  routine  report 
to  its  owner.  Since  the  crew  survival  time  is  dramatical¬ 
ly  reduced  during  winter  operations,  an  adequate 
vessel  reporting  system  must  be  developed  to  help  en¬ 
sure  vessel  and  crew  safety. 

To  make  a  more  efficient  use  of  the  Coast  Guard's 
icebreaking  fleet,  a  system  needs  to  be  developed  to 
monitor  proposed  ship  voyages  and,  where  possible, 
form  them  into  convoys. 

Vessel  speed  enforcement 

Speed  regulations  are  the  responsibility  of  the 
U.S.  Coast  Guard  and  the  St.  Lawrence  Seaway 
Development  Corporation.  These  regulations  are 
found  in  Title  33  Code  of  Federal  Regulations  (CFR) 
92.49  (St.  Marys  River).  33  CFR  162. 135  (Detroit-St. 
Clair  Rivers),  and  33  CFR  40L28  (St.  Lawrence 
River). 

Vessel  speeds  are  monitored  using  Doppler  radar 
or  by  measuring  the  time  a  vessel  travels  its  own 
length.  During  the  regular  navigation  season,  vessel 
speeds  are  checked  at  random  times  of  the  day  or  night. 
During  winter  navigation,  the  level  of  speed  monitor¬ 
ing  is  reduced  commensurate  with  vessel  traffic  levels. 
Civil  penalties  are  assessed  for  significant  violations. 
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Excessive  speed  by  vessels  under  both  summer 
and  winter  conditions  can  increase  shoreline  erosion 
and  damage  to  property.  A  program  is  underway  to 
monitor  vessel  speeds,  shoreline  erosion  and  reports  of 
property  damage  during  winter  sailings,  to  determine  if 
speed  limits  need  adjusting. 


Staying  in  the  channels 


Navigational  requirements 

In  the  open  waters  and  the  larger  bays  of  the  Great 
Lakes,  a  ship's  navigator  requires  all-weather  aids  to 
navigation  to  determine  his  position  and  to  assist  him 
in  a  safe  transit. 

Traditionally,  in  Great  Lakes  harbors  and  con¬ 
necting  channels,  all  lighted  buoys  and  radar  reflector- 
equipped  unlighted  buoys  are  withdrawn  during  late 
November  or  early  December  to  prevent  damage 
and/or  loss  of  the  aid  during  winter  months.  Some  of 
these  more  sophisticated  aids  to  navigation  are  replac¬ 
ed  with  unlighted  buoys  without  radar  reflector  equip¬ 
ment.  Such  winter  markers  are  barely  adequate, 
representing  a  significant  reduction  in  overall  effec¬ 
tiveness. 

In  addition,  the  buoys  are  subject  to  submersion 
or  movement  off  station  by  ice.  Because  of  the  obvious¬ 
ly  questionable  reliability  of  floating  aids  used  to  mark 
channels  during  the  winter  navigation  season,  vessel 
personnel  are  often  uncertain  as  to  their  vessel's  exact 
position  within  a  channel. 

Navigational  hazards 

Navigational  hazards  are  also  present  duringcold 
and  stormy  weather  conditions  when  fog,  low  clouds, 
rain  or  blowing  snow  reduce  visibility.  In  narrow  con¬ 
necting  channels,  ranges  and  similar  aids  are  difficult 
to  locate  and  radar,  as  now  employed,  is  not  sufficient¬ 
ly  accurate. 

Improved  forms  of  navigation  aids  will  be  re¬ 
quired  for  safe  and  efficient  movement  of  vessels  dur¬ 
ing  the  winter  season.  The  establishment,  for  instance, 
of  Loran-C  in  the  Great  Lakes  will  have  an  important 
influence  on  navigational  accuracy.  This  all-weather 
system  should  be  operational  by  1980,  enhancing  pre¬ 
sent  systems  of  coast  lights,  radio  beacons,  and  fog 
signals.  More  precise  navigation  systems  are  required 
for  the  rivers  and  channels. 


Information  to  aid  navigation 


Weather  and  surface  conditions  found  on  the 
Great  Lakes  and  their  connecting  channels  differ 
markedly  from  those  encountered  during  the  bulk  of 
the  traditional  shipping  season.  Winter  storms 
historically  can  be  severe  on  the  Great  Lakes  (even 
though  some  of  the  most  severe  storms  are  in 
November  and  April).  The  harsh  weather  conditions 
during  winter  increase  the  difficulty  of  even  simple 
tasks. 

As  previously  discussed,  ice  cover  causes  varying 
problems  throughout  the  Great  Lakes-St.  Lawrence 
Seaway  System.  To  ease  the  impacts  of  these  factors  it 
is  necessary  to  develops  comprehensive  system  of  data 
collection  for  use  by  vessel  operators  and  to  provide  a 
basis  for  predicting  in  advance  adverse  conditions  so 
they  may  be  avoided  or  prepared  for.  Coupled  with 
this,  an  organization  is  needed  to  digest  the  data  and 
take  responsibility  for  getting  the  information  and 
forecast  to  shipping  personnel  who  require  it. 

The  National  Weather  Service  (NWS)  has  been 
disseminating  weather  forecasts  and  warnings  to  the 
Great  Lakes  shipping  industry  since  1870,  and  ice  in¬ 
formation  since.  1897.  Extension  of  the  navigation 
season  to  12  months  has  required  an  increase  of  about 
30  percent  in  the  effort  expended  to  make  weather 
forecasts  and  an  increase  of  several  thousand  percent 
in  the  effort  devoted  to  ice  forecasting.  Most  of  the 
techniques  and  communication  channels  used  are 
logical  extensions  and  developments  from  those  long 
used  for  the  traditional  navigation  season.  Loss  of  the 
"closed  season"  has  removed  the  traditional  wintertime 
respite  which  was  used  to  review,  reconsider,  adjust, 
repair,  and  recoup.  Needed  changes  can  no  longer  be 
delayed  until  the  end  of  the  season,  and  are  more  likely 
to  cause  a  noticeable  interruption  in  the  services. 


Problems  of  winter  navigation 


Potential  vessel  damage 

Some  of  the  vessels  currently  operating  in  ice  con¬ 
ditions  have  not  been  specifically  designed  for  that  pur¬ 
pose.  Therefore,  the  potential  for  vessel  casualties  due 
to  ice  exists  and  is  likely  to  increase  as  traffic  increases. 
Regulations  for  the  strengthening  of  hulls,  reduction 
gears,  rudder  stocks  and  propellers  may  be  required  in 
the  future.  At  present,  several  high-powered  vessels 
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Vessels  pass  In  Ice  at  Whlteftih  Bay. 


which  routinely  operate  in  ice  as  a  result  of  the  extend¬ 
ed  season  have  leceived  some  hull  strengthening. 

Refuge  area  access  difficulties 

In  sudden  storm  conditions,  heavy  ice  fields  have 
been  identified  as  potential  obstructions  to  the  quick 


and  timely  access  of  vessels  to  refuge  areas.  At  the  same 
time,  however,  such  ice  fields  have  a  dampening  effect 
on  open  waters  and  significantly  lessen  wind,  current 
and  wave  action.  This  partially  negates  the  potential 
damage  which  could  arisefrom  restricting  access.  The 
ice  fields  themselves  become  something  of  a  refuge 
area. 


Adverse  search  and  rescue  conditions 


In  open  water  areas,  winter  storm  conditions  can 
create  both  limited  visibility  and  heavy  seas,  hamper¬ 
ing  rescue  operations.  The  Coast  Guard  has  had  world¬ 
wide  experience  in  search  and  rescue  operations  en¬ 
compassing  all  types  of  weather  and  is  well  equiped  to 
meet  most  navigation  responses. 

Hazards  to  lock  and  dock  personnel 

The  extended  navigation  season  creates  problems 
for  people  working  outside,  especially  at  locks  and  on 
harbor  docks,  where  extreme  weather  conditions  can 
cause  frostbite  or  hypothermia.  Appropriate  clothing 
and  safety  gear  are  obviously  required. 

Ice  buildup  on  the  sides  of  vessels  moving  along 
piers  will  sometimes  shear  off  and  shatter  over  work 
and  walk  areas  causing  potential  personnel  hazards.  In 
addition,  wind-blown  snow  frequently  overhangs  pier 
edges,  obscuring  them  and  causing  a  hazard  for  those 
who  have  occasion  to  walk  to  that  edge.  Ice  on  piers 
and  heavy  winds  also  cause  problems  with  solid 
footing. 

Hazards  at  locks  are  apparent  in  the  removing  of 
ice  collars.  Steam  is  used  when  it  is  available.  Other 
more  common  methods  include  use  of  a  back  hoe, 
chipping  with  a  bucket  or  modified  ripper,  or  with  a 
tractor-operated  ice  cutting  chain  saw.  All  of  these 
methods  of  ice  collar  removal  present  hazards. 

At  times  it  is  difficult  and  time  consuming  to  close 
lock  gates  during  winter  navigation.  This  fact  creates* 
potential  problem  should  an  injured  person  have  to  be 
brought  across  the  lock  to  receive  treatment. 

Hazards  to  vessel  crews 

Vessel  crews  encounter  many  of  the  same  hazards 
as  those  experienced  by  lock  and  dock  personnel.  Ice 
and  snow  can  create  dangerous  footing  situations  on 
de«k  surfaces.  Also  wind  and  cold  conditions  may  re¬ 
quire  special  clothing  for  crew  comfort  and  protection. 

Additional  hazards  to  vessel  crews  are  en¬ 
countered  in  cases  of  man  overboard  or  an  abandon 
ship  situation.  In  such  instances,  the  survival  of  per¬ 
sonnel  during  immersion  in  water  is  dependent  not 
only  upon  the  victim  overcoming  the  immediate 
danger  of  drowning,  but  upon  individual  reactions  to 
stress  associated  with  heat  loss  and  thermofailure. 

Immersion  in  water  rapidly  increases  the  victim’s 
heat  loss  due  to  the  decrease  in  the  thermal  insulation 


Crew  works  In  winter  dress. 


Coast  Guardsmen  set  up  lights  to  permit  icebreaker 
to  work  at  night. 


of  his  clothing.  While  common  personal  floatation 
devices  and  life  rings  enable  a  survivor  to  remain 
afloat,  they  are  of  no  use  in  providing  thermal  protec¬ 
tion  or  protection  from  wave  action  and  spray. 

Life  boats  and  rafts  are  more  effective  in  these 
situations  because  they  remove  the  victim  from  the 
water  and  its  effects.  However,  life  boats  have 
problems  associated  with  both  launching  and  boar¬ 
ding  in  rough  seas,  and  they  lack  adequate 
maneuverability  They  also  fail  to  provide  adequate 
protection  from  wave  spray. 
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Navigational  aids  have  been  pulled  for  the  winter 
from  constricted  channels. 


Mackinaw  works  around  the  clock  to  free  lake  car¬ 
riers. 

Additionally,  the  cooling  of  a  victim's  exlremeties 
may  impair  ’its  manual  dexterity,  making  it  difficult  to 
grasp  a  life  ring  or  a  thrown  line.  Stress  due  to  cold  may 
also  cause  coronary  occlusions  or  similar  fatalities 

Because  research  indicates  that  seamen  who  fall 
overboard  in  winter  and  spend  any  time  at  all  in  the 
water  are  seldom  recovered  alive,  a  system  to  detect 
these  accidents  as  they  occur  as  well  as  adequate 
locating  and  recovery  techniques  are  critical  to  the 
winter  navigation  effort. 

Better  designed  life  craft  are  also  needed  in  cases 


where  vessel  personnel  will  have  time  to  abandon  ship 
using  the  life  c.  aft  Crews  should  also  be  provided  rou¬ 
tinely  with  equipment  or  clothing  that  provides  ade¬ 
quate  floatation  and  thermal  protection. 

Vessel  master/ pilot  training  assessment 

As  a  result  of  ice  conditions,  navigation  poses  dif¬ 
ficulties  both  for  vessel  masters  and  pilots.  Some 
masters  and  pilots  have  not  had  a  great  deal  of  ex¬ 
perience  operating  under  \.<  conditions.  This  requires 
a  certain  amount  of  training  and  experience. 

Removal  of  wrecked  or  stranded  vesseb 

Owners  of  a  stranded  vessel  generally  take  prompt 
action  to  free  it  because  of  the  value  of  the  vessel  and  its 
cargo.  Mott  stranded  vessels  are  expeditiously  remov¬ 
ed  by  owners  with  the  assistance  of  commercial  tugs  or 
lighters.  If  a  stranded  vessel  it  an  obstruction  to 
navigation,  the  owners  are  required  by  law  to  clear  the 
channel  as  quickly  as  possible. 

During  the  winter  months  such  a  situation  is  com¬ 
pounded  considerably,  due  to  the  general  inability  to 
control  a  vessel  in  heavy  ice  conditions,  particularly  in 
turns  between  course*  and  in  areas  where  ice  tends  to 
windrow.  Other  problems  occur  in  open  lake  situations 
where  large  ice  fields  can  trap  a  vessel  and  the  ice  drifts 
with  the  wind  andcurrent.forcingthevexselaground. 

These  situations  are  difficult  to  anticipate  and 
predict.  Each  casualty  is  unique.  What  may  appear  to 
be  a  relatively  simple  grounding  might  result  in  holing 
and  the  subsequent  flooding  of  vessel  compartments. 
When  lightering  is  required,  further  problems  are 
created  in  getting  a  second  vessel  ora  lighter  alongside 
the  crippled  vessel  to  accept  part  of  the  cargo. 

In  the  extreme  case  of  a  vessel  sinking  in  a 
navigational  channel  during  the  winter  months,  the 
remedy  to  the  problem  becomes  much  more  time  con¬ 
suming  and  costly.  Oil  pollution  could  also  delay 
salvage  operations  (U.S.  Coast  Guard  is  responsible 
for  cleaning  up  spills). 

Should  a  serious  accident  occur  in  certain  critical 
areas  of  the  channel,  it  might  be  necessary  to  suspend 
navigation  through  the  area  until  the  obstruction  can 
be  cleared. 
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Specim  problems  of  the  rivers 


International 

The  water  levels  of  the  Great  Lakes  are  a  result  of 
an  integration  of  the  hydrologic  factois  which  affect 
both  land  and  lake  surfaces  of  the  Basin  as  well  as  the 
hydraulic  characteristics  of  the  connecting  channels 
and  the  St.  Lawrence  River.  These  levels  are  the 
characteristic  which  most  frequently  affect  man’s  use 
of  these  waters,  since  they  control  shoreline  use  and 


navigation  and  influence  the  amount  of  hydro-electric 
power  which  can  be  produced  in  the  connecting 
channels  and  the  outlet  river. 

The  Treaty  of  1909  between  Canada  and  the  Un¬ 
ited  States  created  the  International  Joint  Commission 
(IJC)  and  gave  it  jurisdiction  over  and  authority  to  act 
upon  matters  related  to  the  use  or  obstruction  ordiver- 
sion  of  waters  of  the  Great  Lakes  which  would  affect 
the  use  of  these  boundary  waters  by  the  other  nation. 

There  are  two  locations  in  the  Great  Lakes-St. 
Lawrence  Seaway  System  at  which  the  flow  of  water 
can  be  completely  controlled.  These  are:  ( I )  on  the  St. 


Marys  River  at  Sault  Ste.  Marie,  Michigan,  and(2)on 
the  St.  Lawrence  River  above  Massena,  New  York. 

Necessary  flow  changes  are  determined  and 
carried  out  by  the  International  Lake  Superior  Board 
of  Control  and  International  St.  Lawrence  Board  of 
Control  based  on  studies  authorized  by  the  Inter¬ 
national  Joint  Commission. 


Coast  Guard  creates  vessel  track  for  ore  carrier. 


St.  Marys  River 

Flow  through  the  St.  Marys  River  is  completely 
controlled  in  the  mile-long  reach  between  the  cities  of 
Sault  Ste.  Marie,  Michigan,  and  Sault  Ste.  Marie,  On¬ 
tario.  This  area  originally  was  a  series  of  rapids  which 
held  Lake  Superior  at  an  elevation  about  21  feet  higher 
than  Soo  Harbor.  A  series  of  four  U.S.  locks,  two  U.S. 
power  plants,  one  Canadian  lock  and  one  Canadian 
power  plant  utilize  an  average  flow  of  about  55,000 
cubic  feet  per  second.  Any  excess  flow  is  discharged 
through  a  16  gate  control  structure  located  just  up¬ 
stream  of  the  remaining  rapids.  Under  low  flow  con¬ 
ditions  a  minimum  of  '/£  gate  must  remain  open  to 
provide  flows  through  the  rapids  areafor environmen¬ 
tal  reasons. 

The  amount  of  flow  to  be  allowed  is  determined 
monthly  by  the  International  Lake  Superior  Board  of 
Control.  The  Board  directly  supervises  the  operation 
of  the  river  control  works  and  diversion  of  flows  to 
power  plants. 

Winter  outflows  through  control  structures  are 
kept  within  a  range  of  55,000  to  85,000  cubic  feet  per 
second.  Experience  has  shown  that  winter  flows  in  ex¬ 
cess  of  85,000  cubic  feet  per  second  can  result  in  the 
breakup  of  the  stable  ice  cover  formed  in  the  Soo  Har¬ 
bor  above  the  Little  Rapids  Cut.  At  times  this  loose  ice 
accumulates  and  layers  in  the  Cut  to  create  ice  jams 
which  hamper  Sugar  Island  ferry  operations  and 
winter  navigation,  and  cause  water  levels  to  rise  up¬ 
stream  in  Soo  Harbor.  In  addition  to  possible 
flooding,  the  rising  levels  downstream  of  the  power 
plants  lower  the  head  for  hydro-electric  plants,  thus 
affecting  power  production. 

St.  Clair- Lake  St.  Clair- Detroit  River  system 

Exceptforsomedrifting  icefrom  Lake  Huron  and 
shore  ice  formation,  there  is  little  freezing  of  the  St. 
Clair  River.  Ai  the  head  of  the  river  near  Port  Huron, 
M  ichigan,  a  natural  ice  bridge  forms  a  relatively  stable 
ice  cover  and  prevents  large  amounts  of  ice  from  enter¬ 
ing  the  river.  When  this  bridge  breaks  up  (either  from 
natural  wind  and  thaw  conditions  or  ship  traffic), 
significant  amounts  of  ice  can  enter  the  system. 
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This  ice  can  build  up  at  the  mouth  of  the  river 
where  it  enters  Lake  St.  Clair,  in  the  vicinity  of  Russell 
and  Harsens  Islands,  often  jamming  the  channel  and 
creating  a  potential  for  flooding.  Heavy  ice  jams  in  this 
location  also  create  problems  for  the  movement  of 
vessel  traffic  and  increase  the  possibility  of  damage 
both  to  the  shore  and  to  shore  structures. 

Three  thermal  power  generating  plants  are 
located  on  the  St.  Clair  River,  using  river  water  for 
cooling  purposes.  No  evidence  exists  that  thermal  dis¬ 
charges  from  these  plants  ha<'c  had  adverse-to- 
navigation  effects  on  ice  formation  in  the  St.  Clair 
River.  It  has  been  shown,  however,  that  as  man-made 
channels  are  built  and  deepened,  a  larger  volume  of 
water  flows  at  a  faster  rate  through  the  river.  This 
decreases  ice  buildup  and  lets  drift  ice  flow  through  the 


system  with  less  obstructions,  thus  diminishing  flow 
retardation.  This  flow  retardation  has  steadily 
diminished  since  1920  mainly  as  a  result  of  man-made 
channel  activities. 

Continued  navigation  through  the  ice  bridge  area 
at  Port  Huron  may  increase  ice  floes  entering  the  river 
which  would  interfere  with  water  intakes.  In  addition, 
winter  navigation  extension  may  create  increased 
shore  and  dock  damage  to  the  eastern  shore  of  Harsens 
Island. 

A  similar  problem  exists  in  the  Detroit  River  with 
the  periodic  eroding  of  the  ice  bridge  that  forms  in 
Lake  St.  Clair.  Generally,  ice  floes  can  pass  through 
the  Detroit  River  into  Lake  Erie  unless  easterly  winds 
jam  Lake  Erie  ice  into  thelower  river.  Roe  ice  can  back 
up  into  the  Detroit  River  to  hamper  navigation  as  far 
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upstream  as  Detroit.  There  is  concern  that  winter 
navigation  may  cause  increased  quantities  of  ice  floes 
to  enter  the  river. 

Niagara  River 

At  present,  no  commercial  navigation  is  an- 
ticipated  for  the  Niagara  River  during  the  ice  season. 
Ice  presents  problems,  however,  to  power  production 
on  the  river. 

Since  the  construction  of  two  hydroelectric 
power  plants  by  Ontario  Hydro  and  the  Power 
Authority  of  the  State  of  New  York  (PASNY)  com¬ 
pleted  in  1956  and  1961  respectively,  the  flow  over 
Niagara  Falls  has  been  partially  controlled  by  a  2,120- 
foot,  gated  structure  constructed  downstream  of  the 
intakes.  By  international  treaty,  a  minimum  of  100,000 
cfs  is  required  to  flow  over  the  Falls  during  the  daylight 
hours  of  the  tourist  season  and  JO, 000  cfs  at  other 
times. 

Historically,  ice  has  been  a  problem  in  the  Niagara 
River.  The  Lake  Erie  ice  field,  near  the  entrance  to  the 
river,  usually  arches  between  the  Canadian  and  the  Un¬ 
ited  States  shores  and  restricts  movement  of  lake  ice 
into  the  river.  When  the  iceisforming,  or  when  the  lake 
is  under  adverse  conditions  of  wind  and  temperature, 
the  arch  and  the  ice  behind  it  may  break  and  cause  ice 
to  jam  in  the  river  above  the  Falls.  The  jams  can  greatly 
restrict  the  flow  necessary  for  power  production  and 
also  cause  extensive  shoreline  damage. 

To  combat  this  problem,  the  two  power  entities 
have  installed  an  ice  boom  at  the  outlet  of  Lake  Erie 
every  winter  since  the  winter  of  1964-65.  The  boom 
appears  to  be  effective  and  has  significantly  reduced 
both  shore  property  damage  and  losses  to  power 
production. 

Buffalo  Harbor,  New  York,  comprised  of  some 
4.5  miles  of  lakeshorc  protected  by  breakwaters,  along 
with  sections  of  the  Buffalo  River,  the  Niagara  River, 
and  several  short  ship  canals,  is  normally  closed  to 
navigation  three  to  four  months  each  winter. 

Because  of  the  prevailing  southwesterly  winds, 
and  the  fact  that  the  capacity  of  the  Niagara  River  to 
transport  ice  is  so  small  in  relation  to  the  amount  of  ice 
usually  present,  windrowed  ice  has  traditionally  con¬ 
centrated  at  the  eastern  end  of  Lake  Erie  during  spring 
breakup  in  both  the  pre-boom  and  post-boom  years. 
The  windrowed  ice,  often  several  feet  thick,  usually  ex¬ 
tends  past  Buffalo  Harbor  and  into  the  lake  for  several 
miles.  Unescorted  ship  passage  through  these  jams  is 
not  possible.  Occasionally,  even  icebreakers  have  dif¬ 
ficulty  in  moving  through  this  area. 


Winter  activity  at  a  St.  Lawrence  River  lock. 


St.  Lawrence  River 

The  flows  in  the  St.  Lawrence  Riverarecontrolled 
in  three  areas.  The  first  area  of  control  is  located  at  the 
Iroquois  Dam  and  Lock,  which  extends  1,980  feet 
between  Point  Rockway,  New  York,  and  Iroquois, 
Ontario.  The  dam  was  designed  with  the  capability  to 
pass  or  control,  if  necessary,  the  full  discharge  from 
Lake  Ontario.  Its  gates  are  used  to  prevent  excessive 
buildup  of  water  levels  in  Lake  St.  Lawrence  during 
periods  of  strong  westerly  winds,  to  minimize  adverse 
currents  in  the  navigation  channel  of  the  lower  ap¬ 
proach  to  the  Iroquois  Lock,  and  to  assist  in 
promoting  a  stable  ice  cover  during  periods  of  ice  for¬ 
mation. 

The  second  set  of  control  structures  is  the  Moses- 
Saunders  Power  Dam  and  the  Long  Sault  Dam 


located  in  the  Massena,  New  York-Comwail,  Ontario 
area,  and  are  used  to  regulate  the  outflow  from  Lake 
Ontario. 

The  Long  Sault  Dam,  located  below  the  foot  of 
Long  Sault  Island,  diverts  the  river  flow  through  the 
Moses-Saunders  Power  Plant.  Its  gates  are  operated 
only  under  high  river  flow  conditions  or  when  flows 
through  the  power  house  need  to  be  restricted  for 
maintenance  of  generating  units.  Navigation  in  this 
stretch  of  the  river  is  through  the  Wiley  Dondero  Canal 
and  the  Eisenhower  and  Snell  Locks. 

The  third  set  of  control  structures  is  located  at  the 
exit  of  Lake  St.  Francis  where  the  Coteau  Control 
Dams  divert  a  major  portion  of  the  river  flow  through 
the  Beauharnois  Power  and  Navigation  Canal.  The 
Beauharnois  Powerhouse,  at  the  outfall  of  the  canal, 
has  a  head  of  80  feet  of  water  utilized  by  36  main 
generating  units  with  a  total  capacity  of  1,574,000 
kilowatts.  The  remaining  flow  leaves  Lake  St.  Francis 
through  the  Coteau  works. 

The  availability  of  power  in  winter  depends,  es¬ 
sentially.  upon  the  stability  of  the  ice  cover.  Unstable 
ice  cover  can  create  icejams  which  can  impede  the  flow 
of  water  or  block  the  plant  intakes,  curtailing  power 
production.  When  ice  is  forming  in  the  Beauharnois 
Canal,  Quebec-Hyrdo  requests  the  International  St. 
Lawrence  Board  of  Control  to  reduce  the  outflow  from 
lake  Ontario  which  is  accomplished  at  the  Moses- 
Saunders  Power  Dam.  If  the  request  is  approved, 
Quebec-Hydro  follows  suit.  The  River’s  flow  is  subse¬ 
quently  increased  as  ice  conditions  permit. 

Between  Ogdensburg  and  Morrisburg,  Ontario- 
Hydro  and  PASNY  jointly  install  six  ice  booms itUhe 
International  Rapids  portion  of  the  River  each  year 
near  Ogdensburg.  The  booms  assist  in  the  formation 
and  maintenance  of  •  stable  ice  cover  in  this  area.  Two 
of  the  booms  cross  the  navigation  channel. 


The  effects  of  ice  on  navigation  locks 


Continued  operation  of  navigation  locks  under 
winter  conditions  involves  several  problems  related  to 
both  floating  ice  and  ice  that  forms  on  the  structural 
components  of  navigation  locks. 

Ice  buildup  on  the  mechanical  parts  of  locks  can 
hinder  efficient  operation  of  those  parts  such  as  lock 
gates  and  safety  booms.  If  the  ice  is  allowed  to  increase 
to  significant  proportions,  it  may  cause  structural 
failure  of  some  lock  components.  The  formation  of  an 
ice  collar  on  lock  walls  may  impede  or  prevent  the 
smooth  transit  of  large  vessels. 


Floating  ice  above  the  lock  entrances  can  block 
gate  recesses  delaying  their  opening.  Large  amounts  of 
ice  pushed  in  ahead  of  the  vessel  may  prevent  the  vessel 
from  completely  entering  the  lock,  makingit  necessary 
to  back  the  vessel  out  and  flush  the  ice  ahead  of  it.  As 
vessels  entering  the  locks  cut  through  the  ice,  the  ice 
may  become  wedged  between  the  vessels  and  lock 
walls.  This  has  the  potential  of  jamming  the  ship  tight. 
If  forces  on  lock  wall  monoliths  increase, » l,  ■  structures 
can  become  unstable.  This  ice  jamming  is  a  particular 
problem  with  the  V-shaped  hulls  of  'sa.ties.* 

A  problem  immediately  upstream  of  the  locks  at 
Sault  Ste.  Marie  is  the  shoaling  of  bottom  material 
above  project  depth.  This  results  as  a  consequence  of 
the  more  powerful  propeller  wash  in  winter  that  occurs 
when  navigating  through  heavy  ice.  A  problem  im¬ 
mediately  downstream  of  the  locks  is  the  buildup  of 
loose  ice  in  Soo  Harbor  as  a  result  of  flushing  ice 
downstream  through  the  locks.  An  ice  barrier  often 
results,  requiring  icebreaking  by  a  large-class 
icebreaker. 

The  traditional  maintenance  period  during  the 
winter  months  will  be  significantly  reduced  during  an 
extended  navigation  season.  The  reduced  working 
time  combined  with  a  higher  incidence  of  wear  and  tear 
on  the  locks  due  to  operations  under  ice  conditions  will 
require  a  revision  of  the  maintenance  schedule. 


Protecting  the  environment 


Effects  on  the  shoreline  and  channel  bottoms  in 
rivers,  harbors  and  constricted  bay  areas 

Erosion  and  dock  damage:  Increased  shoreline 
erosion  and  damage  to  shore  structures,  primarily 
docks,  can  result  from  winter  navigation.  When  a 
broken  ice  pack  moves  into  a  restricted  channel,  shore 
erosion  can  occur.  This  erosion  is  minimized  in  areas 
where  shallow  water  exists  along  shorelines  and  where 
water  freezes  solid  to  the  bottom.  Areas  of  deep 
nearshore  water  may  be  subject  to  erosion  due  to  the 
movement  of  ice  floes  as  well  as  from  the  drawdown 
effects  of  passing  vessels. 

Although  shore  ice  may  armor  the  river  bank 
against  erosion,  major  ship  disturbances  may  shift  this 
ice.  creating  shore  damage  and  exposing  it  to  ad¬ 
ditional  erosion  in  the  spring.  During  the  spring 
breakup,  artificially  high  water  velocities  caused  by 
ship  passages  may  also  cause  a  more  rapid  ice  runout 
than  found  in  normally  low  river  velocities.  Shoreline 
erosion  and  surface  runoff  can  have  an  adverse  effect 
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/ce  on  lock  gate  and  wall. 


on  water  quality  in  that  siltation  of  spawning  areas 
may  interfere  with  fish  egg  development.  Benthic  com¬ 
munities  may  also  be  disturbed  by  siltation. 

Drift  or  pack  ice,  as  well  as  stable  ice,  can  affect 
shore  structures.  Pack  ice,  because  of  the  pressures 
generated  by  its  movement,  has  been  known  to  damage 
structures,  particularly  those  made  of  wood;  stable  ice 
has  a  tendency  to  adhere  to  vertical  piles  and  piers, 
with  fluctuations  of  water  under  the  ice  cover  lifting 
these  structures  out  of  position.  This  is  known  as  ice 
jacking. 

The  action  of  passing  ships  can  also  contribute  to 
shore  structure  damage  by  intensifying  these  effects. 

Vibrations:  Adjacent  to  upper  Lake  Nicolet, 
between  Frechette  Point  and  Six  Mile  Point  on  the  St. 
Marys  River,  a  unique  problem  sometimes  occurs. 
Local  residents  have  stated  that  the  movement  of  ships 
through  this  reach  of  the  river  during  ice  cover  con¬ 
ditions  creates  vibrations  severe  enough  to  cause  struc¬ 
tural  damage  to  buildings  on  shore.  Although  this 


phenomenon  has  been  reported  at  several  locations 
within  this  one  area,  residentsat  either  end  of  the  reach 
and  at  similar  areas  of  the  river  have  not  experienced  it. 

Bottom  scouring:  With  the  propeller  wash  of 
vessels  traveling  in  shallow  areas,  disturbed  bottom 
sediments,  which  become  suspended  in  the  water, 
result  in  increasedturbidityandadisruption ofbenthic 
communities.  Vessel  movement  through  ice  requires 
an  increase  in  the  thrust  of  propellers,  creating,  a  sub¬ 
sequent  increase  in  bottom  scouring  and  its  effects. 

Air  and  water  quality 

Vessel  energy  usage  and  air  pollution:  Although 
the  Demonstration  Program  recognized  the  significant 
relationship  between  a  season  extension  and  vessel 
energy  usage,  along  with  attendant  air  pollution  poten¬ 
tials,  specific  studies  and  experiments  have  not  been 
conducted  with  regard  to  air  pollution.  Since  no  site 
and  navigation  route,  and  vessel  type  and  sizespecific. 
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system-wide  energy  usage  was  demonstrated,  only 
qualitative  summarizing  statements  can  be  made.  The 
inter  Navigation  Board  has  taken  the  position  that 
winter  navigation  will  result  in  a  net  fJu  tio  in 
energy  usage  for  the  nation.  There  is  an  addSnll 
energy  requirement,  inseparable  from  winter  naviga- 
t«on.  due  to  the  increased  level  of  energy  usage  for  ice 


breaking,  for  vessels  moving  through  ice  and  for  the  in¬ 
creased  vessel  t  raffic.  On  the  balance,  studies  indicate 
winter  navigation  would  result  in  a  net  reduction  of 
energy  usage.  This  energy  savings  comes  about  because 
of  the  greater  energy  efficiency  of  water  transportation 
as  compared  to  overland  modes.  Much  work  needs  to 
be  performed  to  fully  document  these  claims. 
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Shore  erosion  and  damage  to  shore  structures  was 
carefully  examined  during  Demonstration  Program. 


While  there  appears  to  be  an  energy  saving  and 
less  usage-related  air  pollution  in  the  National  sense 
there  would  be  an  increased  energy  usage  on  the  system 
itself.  Also  some  increase  of  potential  air  pollution 
sources  is  anticipated  due  to  facilities  serving  winter 
navigation,  such  as  harbors  and  locks.  This  may  result 
in  a  potential  air  pollution  increase  on  the  system  in  a 
qualitative  sense.  Significant  work  will  need  to  be  ex¬ 
ecuted  to  define  these  potential  pollution  aspects  as 
they  relate  to  the  comparatively  less  sophisticated 
pollution  control  facilities  of  vessels,  the  increased 
level  of  vessel  movements,  and  the  applicability  and  en¬ 
forceability  of  air  pollution  control  regulations  on  in¬ 
ternational  waterways. 

Vessel  discharges  and  regulation :  At  present, 
vessel  discharge  regulations  vary  extensively  over  the 
Great  Lakes  and  St.  Lawrence  Seaway  System,  from 
state  to  state,  and  between  Canada  and  the  United 
States.  On  the  Federal  level,  the  Environmental 
Protection  Agency’s  (EPA)  Standards  for  secondary 
effluent  are  enforced  under  the  Clean  Water  Act  of 
1977. 


A  study  of  "blackwater"  (human  body  wastes)  in¬ 
dicated  that  no  long-term  adverse  effects  were  an¬ 
ticipated  from  additional  loadings  of  treated 
blackwater  wastes  from  commercial  vessels — as  a 
result  of  an  extended  navigation  season.  Although  ap¬ 
proximately  33%  of  commercial  vessels  provide  no 
treatment  of  blackwater  at  present,  by  1980,  the  dis¬ 
charge  of  untreated  sewage  by  commercial  vessels  will 
be  illegal.  These  regulations  will  require  Coast  Guard 
certification. 

'Greywater*  commonly  refers  to  domestic 
wastewaters  generated  from  galleys,  laundries, 
showers,  sinks,  and  miscellaneous  small  sources  such 
as  drains  and  drinking  fountains  located  throughout 
the  ship.  There  are  currently  no  regulations  pertaining 
to  greywater  unless  it  is  included  in  the  same 
wastestream  as  blackwater. 

Turbulence  caused  by  vessel  propellers:  The  ac¬ 
tivities  of  icebreakers  and  commercial  vessels  during 
the  Demonstration  Program  in  shallow  bays,  harbors 
and  connecting  channel  areas  of  the  Great  Lakes 
System  have  caused  varying  degrees  of  water  tur¬ 
bulence,  turbidity  and  bottom  erosion.  During  both 


winter  and  summer  months,  a  resuspension  of  both 
polluted  and  unpolluted  bottom  materials  occurs  as  a 
result  of  this  vessel  movement,  disturbing  fish  and 
wildlife  habitats  as  well  as  water  quality. 

Although  this  turbulence  has  been  only  partially 
investigated,  it  can  be  concluded  from  the  in¬ 
vestigations  on  sediment  transport  and  shoreline  ero¬ 
sion  conducted  by  the  U.S.  Army  Cold  Regions 
Research  and  Engineering  Laboratory  (CRREL)  that 
the  environmental  effects  of  vessel  movement  are 
restricted  to  only  the  shallower  areas  of  the  Great 
Lakes  System.  Areas  in  this  category  include  the  St. 
Marys,  St.  Clair  and  Detroit  Rivers;  small  portions  of 
the  St.  Lawrence  River;  Lake  St.  Clair;  western  Lake 
Erie;  bay  areas  such  as  Green  Bay,  Saginaw  Bay  and 
Maumee  Bay;  and  the  harbors  in  the  system.  With  the 
exception  of  the  harbors,  these  areas  are  also  the  most 
biologically  sensitive  and  productive  in  the  system. 

Water  turbulence  is  caused  primarily  by 
icebreaker  and  vessel  propeller  wash,  by  ice  chunks 
driven  into  the  bottom,  and  by  ship-induced  waves. 
Vessel  propellers  normally  generate  high  velocity 
currents  at  or  near  the  bottom  that  resuspend  par¬ 
ticulate  material  within  and  adjacent  to  the  vessel 
channels.  In  ice-covered  areas,  where  more  power  is  re¬ 
quired  to  move  a  vessel,  the  area  of  the  bottom  distur¬ 
bance  is  increased. 

Under  ice  conditions,  ship-induced  waves  and 
high  velocity  currents  have  been  found  to  stir  and 
erode  bottom  materials  outside  vessel  channels,  par¬ 
ticularly  in  shallow  areas  of  connecting  channels. 
These  induced  waves  and  currents  were  found  by 
CRREL  to  frequently  cause  normal  river  currents  to 
take  a  360°  turn  in  direction.  The  velocity  of  the  tur¬ 
ning  current  was  also  found  to  be  much  greater  than 
that  of  the  normal  downstream  current.  The  rotation 
of  the  normal  current  direction  and  the  great  velocity 
of  these  redirected  currents  result  in  stirring  and 
resuspending  bottom  substrate  materials. 

In  addition  to  rotating  the  direction  of  the  normal 
current,  ship-induced  waves  also  cause  a  withdrawal 
and  a  surge  of  shoreline  waters.  In  one  area  of  the  St. 
Marys  River,  the  withdrawal  and  surge  of  under-ice 
water  ha ;  been  documented  on  at  least  one  occasion  to 
have  an  energy  force  sufficient  to  cause  a  breakup  of 
the  shoreline  ice  cover,  forcing  fish,  aquatic  vegetation 
and  bottom  material  through  breaks  in  the  ice  cover. 

in  addition  to  eroding  the  bottom  substrate,  this 
kind  of  turbulence  in  the  water  is  capable  of  causing 
physical  injury  to  fish,  and  such  turbulence,  even  of  a 
lesser  magnitude,  can  be  expected  to  render  the  habitat 
less  suitable.  The  shifting  of  the  bottom  substrate  as  a 
result  of  the  withdrawing  and  surging  waters  also 
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creates  an  unstable  habitat  for  benthic  communities. 

Comprehensive  studies  determining  the  extent  of 
impacts  of  ship-induced  turbulence  on  the  fish  and 
benthic  communities  have  not  been  conducted  during 
the  Demonstration  Program.  Observed  effects, 
however,  warrant  thorough  investigation  and  the  dis¬ 
covery  of  means  to  eliminate  or  minimize  the  losses. 

Disruption  of  solid  ice  cover 

Recreation :  Relational  activities  on  the  ice- 
covered  connecting  channels,  harbors  and  bays  of  the 
Great  Lakes  include  ice  fishing,  snowmobiling,  cross¬ 
country  skiing,  snowshoeing  and  hiking. 

Ice  fishing  has  probably  been  the  most  affected  by 
the  Navigation  Season  Extension  Demonstration 
Program  because  more  people  participate  in  this  ac¬ 
tivity  than  the  other  sports.  In  areas  such  as  the  St. 
Marys  River,  complaints  have  been  received  from  local 
citizens  claiming  that  icefishing  has  become  unsafe  as  a 
result  of  the  Demonstration  Program.  The  primary 
reason  they  have  given  is  that  vessel  movement  causes 
the  ice  cover  to  crack,  break  and  heave  from  vessel- 
induced  waves. 

It  will  be  important  to  determine  the  location  of 
existing  and  pre-demonstration  fishing  areas  and 
determine  what  effect  Winter  Navigation  has  on  them. 

Commercial fishing :  The  Demonstration  Piogram 
has  resulted  in  reported  difficulties  with  winter  com¬ 
mercial  fishing  activity.  The  problems  have  not  receiv¬ 
ed  in-depth  investigation,  but  Saginaw  Bay  has  been 
identified  as  one  problem  area.  Commercial  fishing  in 
this  bay  is  reduced  because  moving  ice,  caused  by  a 
vessel  track  through  the  ice  cover,  often  seriously 
damages  gill  nets.  Additionally,  vessel  tracks  may  pre¬ 
vent  access  to  traditional  fishing  grounds. 

Wildlife  migration:  Ice  cover  over  connecting 
channels,  lakes  and  bay  areas  provides  animals  a  more 
available  means  of  moving  from  one  land  area  to 
another.  This  movement,  often  involving  a  search  for 
additional  food  supplies  during  the  winter,  offers 
valuable  opportunity  for  the  change  of  gene  strains  of 
island  populations.  Few  studies  have  been  undertaken 
during  the  Demonstration  Program  to  identify  species 
that  use  ice  cover  for  winter  movement,  the  locations, 
or  the  extent  of  this  movement,  but  movement  of  mam¬ 
mals  across  the  ice  has  been  observed.  According  to  the 
National  Park  Service,  this  is  the  means  by  which  Isle 
Royale  in  Lake  Superior  may  have  been  colonized  by 
moose  and  wolves. 

It  is  possible  that  the  St.  Marys  River  ice  cover 


Build  up  of  ice  on  MacArthur  Luck  gate. 


Ice  in  lock  at  Saull  Ste.  Marie. 
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may  be  an  important  link  for  maintaining  balanced 
animal  populations.  Species  that  may  be  adversely 
affected  by  a  breaking  of  the  ice  cover  include  the 
whitetailed  deer,  moose,  bobcat,  red  fox,  coyote,  and 
possibly  the  endangered  grey  wolf.  Winter  movement 
of  these  and  other  animals  may  occur  between  the 
mainlands  of  Canada  and  the  United  States  and 
between  the  large  islands  and  the  mainlands.  The 
presence  of  a  snip  track  will  not  prevent  this  movement 
but  may  be  a  deterring  factor. 

Waterfowl  may  be  stopped  from  migrating  to 
more  southern  ancestral  wintering  habitats  by  open 
water  areas  created  by  extended  seascn  activities.  It 
will  be  necessary  to  determine  what  effects  winter 
navigation  will  have  on  wildlife  migration  and  winter¬ 
ing  waterfowl. 

Island  transportation  access 

Sugar  Island  and  Little  Rapids  Cut:  Downstream 
from  the  Sault  Ste.  Marie  locks  the  ice  cover  in  the  Soo 
Harbor  and  the  ice  bridge  above  Little  Rapids  Cut  can 
break  under  high  wind  or  thaw  conditions  and  move 
downstream,  sometimes  causing  ice  jams  in  the  lower 
Little  Rapids  Cut.  The  continual  movement  of  vessels 
during  the  winter  increases  the  amount  of  broken  ice 
that  could  jam  in  the  Little  Rapids  Cut  and  subse¬ 
quently  causes  disruption  to  the  Sugar  Island  ferry 
which  provides  service  to  about  450  permanent  island 
residents. 

If  the  ferry  track  becomes  filled  with  ice  or  ice 
builds  up  in  the  mainland  ferry  slip,  the  ferry  is  unable 
to  operate.  A  strong  cross  current  on  the  island  side 
normally  keeps  the  island  slip  clear  of  ice.  There  is  no 
cross  current  on  the  mainland  side  and  drift  ice  enter¬ 
ing  the  slip  can  make  landing  difficult  or  impossible. 

The  Sugar  Island  ferry  initially  had  limited  ice 
operating  capabilities.  Its  ability  to  operate  in  icc  con¬ 
ditions  was  subsequently  improved  for  operation  dur¬ 
ing  the  Demonstration  Program. 

Neebish  Island  and  West  Neebish  Navigation 
Channel:  The  Neebish  Island  ferry  currently  stops 
operating  when  icc  begins  to  develop.  Accessabihty  to 
the  mainland  for  the  island's  30  to  50  winter  residents 
resumes  when  the  ice  becomes  thick  enough  to  support 
foot  or  snowmobile  traffic.  At  this  time,  downbound 
vessel  traffic  is  directed  to  the  Middle  Neebish  Channel 
and  does  not  disrupt  normal  access  to  the  island. 

If  the  West  Neebish  Channel  is  used  for  future 
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Industrial  stockpiling  —  costly  alternative  to  water 
transportation. 


winter  navigation,  the  island  will  be  isolated  from  the 
mainland;  access  problems  will  be  created  similar  to 
those  experienced  by  the  Sugar  Island  residents.  (A 
particular  problem  in  the  Middle  and  West  Neebish 
Channel  is  that  neither  channel  can  accommodate  two 
way  traffic  without  a  traffic  control  mechanism.  Dur¬ 
ing  the  normal  navigation  season,  the  Middle  Neebish 
is  used  as  th-  upbound  channel  and  the  West  Neebish  is 
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used  as  the  downbound  channel.) 

Lime  Island:  With  the  advent  of  winter  navigation, 
ship  tracks  cut  through  the  stable  ice  cover  between  in¬ 
habited  Lime  Island  and  the  Michigan  mainland, 
destroying  the  ice  cover  access  which  was  historically 
used  by  the  island’s  winter  population  of  about  10 
adults.  The  residents  of  Lime  Island  are  employed  by  a 


private  company  which  is  located  on,  and  also  owns, 
the  island. 

Drummond  Island  and  DeTour  Passage:  Year- 
round  access  for  Drummond  Island’s  600  permanent 
residents  is  provided  by  a  ferry  across  the  mile-wide 
DeTour  Passage.  Historically,  ferry  operations  have 
been  hampered  by  ice  blown  north  from  Lake  Huron. 
The  ice  jams  against  the  stable  ice  bridge  which  nor¬ 
mally  forms  across  the  Passage  upstream  of  the  ferry 
cros'  in  the  vicinity  of  Pipe  Island.  Northerly  winds 
tend  to  clear  the  passage  south  of  this  ice  bridge,  but 
frequently  loose  ice  is  blown  along  the  shoreline  at 
DeTour  and/or  Drummond  Island.  The  ice  tends  to 
compact  in  the  ferry  landing  slip  and  hampers  ferry 
docking  procedures. 

Commercial  navigation  through  the  solid  icefield 
in  DeTour  Passage  has  not  affected  its  overall  stability. 
Some  loose  ice  dislodged  at  theedge  of  the  ice  bridge  at 
the  navigation  track  may  drift  away  under  northerly 
winds  reportedly  hampering  ferry  operations,  but  the 
large  areus  of  ice  arc  not  affected  by  the  relatively 
narrow  navigation  track. 

Winter  navigation  during  the  Demonstration 
Program  has  interfered  with  an  alternative  mode  of 
transportation  to  Drummond  Island:  snowmobiles 
can  no  longer  safely  utilize  the  stable  ice  bridge  north 
of  the  ferry  crossing  because  of  the  vessel  track  which  is 
reopened  with  each  ship  passage. 

Historical  and  cultural  resources 

Cultural  resources  include  almost  anything  that 
affects  the  daily  living  patterns  of  people  in  a  given 
area.  They  can  include  items  such  as  land  use:  number 
and  location  of  public,  commercial  and  individual 
facilities:  and  recreational  habits  and  sites  used  by  local 
inhabitants.  Historical  resources  consist  primarily  of 
buildings  or  sites  relating  to  events  important  to  an 
area’s  past,  or  representative  of  past  living  modes. 

Negative  impacts  on  these  kinds  of  resources  may 
result  from  changing  ice  forces,  from  potential  chang¬ 
ed  water  levels  caused  by  ice  boom  modifications,  and 
from  the  results  of  ship  transits  through  ice.  These 
negative  impacts  include  both  the  possibility  of  in¬ 
creased  shore  erosion  and  potential  damage  to  struc¬ 
tures  located  in  or  along  the  water.  As  well,  any  activity 
change  from  the  norm  (such  as  the  disruption  of 
recreational  fishing)  could  be  considered  a  negative 
effect  on  an  area’s  cultural  resource. 
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Diagram  shows  Sugar  Island  ire  control  activity. 


To  minimize  any  possible  negative  effect  on  these 
resources,  a  complete  inventory  is  necessary  to  identify 
existing  resources  and  to  develop  plans  which  will 
minimize  the  negative  impacts  on  them,  should  they 
occur.  (Erosion  and  structural  damage  control 
measures  are  discussed  later  in  this  report.) 


Local  climatology 

Buffalo.  New  York:  Each  winter  since  the  winter 
of  1964-1965.  an  ice  boom  has  been  placed  at  the 
mouth  of  Lake  Erie  above  its  outlet  into  the  Niagara 
River.  The  boom  is  installed  under  International  Joint 
Commission  authority  by  the  Power  Authority  of  the 
State  of  New  York  and  Ontario  Hydro.  The  purpose  of 
the  boom  is  to  enhance  the  formation  of  a  stable  ice 
cover  in  early  winter  (which  occurs  naturally  at  the 
boom  site  anyway)  and  to  dampen  the  effects  of  the  late  • 
winter  wind-generated  ice  runs.  This  mitigates  ice  con¬ 
trol  problems  at  the  downstream  intakes  of  the  power 
entities.  Such  problems  in  pre-boom  years  led  to 
serious  ice  jams  in  the  river,  resulting  in  reduced  power 
diversions  and  the  ensuing  increased  energy  losses. 
Heavy  ice  runs  also  caused  extensive  damage  to 
shoreline  property  along  the  Niagara  River. 

Studies  conducted  throughout  the  fifteen-year 
post-boom  period  show  that  the  ice  carrying  capacity 
of  the  Niagara  River  is  virtually  insignificant  when 
compared  to  the  natural  rate  of  dissipation  of  Lake 


Bubblcr/j lusher  system  at  work  at  Sugar  Island  Ferry 
Dock. 


Erie  ice  by  melting  in  place,  and  to  the  enormous 
amounts  of  ice  present  on  the  lake  (often  ten  thousand 
square  miles).  However,  small  amounts  of  ice.  in  terms 
of  the  total  amount  on  the  lake,  can  have  disastrous 
effects  on  the  Niagara  River. 

The  installation  of  an  ice  boom,  at  the  head  of  the 
Niagara  River  near  Buffalo  Harbor,  is  felt  by  some,  to 
prolong  the  period  of  ice  cover.  Notably,  in  this  area, 
the  U.S.  Lake  Carriers’  Association  felt  that  the  start  of 
the  navigation  season  was  unnecessarily  delayed  due  to 
this  effect.  The  Council  of  the  town  of  Fort  Erie. 
Canada,  also  felt  that  the  ice  field  restricted 
recreational  sports  and  deterred  the  flow  of  tourist 
dollars  into  that  area. 

Although  it  has  been  shown  that  the  water 
temperature  regimes  have  been  lower  during  April  in 
the  post-boom  years,  there  has  been  no  evidence  of  any 
effect  of  the  boom  on  local  climatology,  navigation,  or 
recreation  by  any  of  the  many  technical  studies  per¬ 
formed  to  date  by  the  IJC,  its  cooperating  agencies  or 
independent  investigators. 

The  theory  has  been  proposed  that  the  boom  may. 
in  fact,  reduce  the  severity  of  the  Lake  Eric  ice  cover 
since  a  stable  ice  cover  is  less  subject  to  windrowing 
and  dense  packing.  This  theory  has  not  been  substan¬ 
tiated  by  factual  data,  nor  have  any  claims  that  the 
boom  extends  the  ice  season. 

The  boom  does  not  intersect  any  commercial 
navigation  routes,  and,  therefore,  has  no  known  effect 
on  existing  commercial  navigation. 


56 


( 


Great  Lakes  I  Seaway  Region  in  general:  At* 
mospheric  temperature  inversions,  a  common 
phenomenon  during  the  spring  warmup  period,  occurs 
over  the  Great  Lakes  region.  This  inversion  is  created 
when  warm  air  masses  pass  over  cold  lake  surfaces  and 
become  chilled.  A  result  of  a  temperature  inversion  is 
the  development  of  an  interface  separating  the  upper 
warm  air  mass  from  the  lower  colder  air  mass.  As  a 
result,  gaseous  discharges  into  the  bottom  layer 
become  trapped  and  air  quality  deteriorates  in  regions 
having  sufficient  gaseous  discharges,  if  the  inversion 
phenomenon  extends  over  a  prolonged  period.  Any  ac¬ 
tivity  which  tends  to  upset  normal  heat  transfers 
between  the  Lakes  and  the  atmosphere  could  cause  a 
change  in  local  microclimates. 

Working  in  winter 

Rescheduling  vacation  time:  Four  occupational 
groups  have  been  identified  as  being  directly  affected 
by  winter  navigation  activities:  vessel,  terminal,  lock 
and  pilot  personnel. 

Vessel  personnel  include aboutS, 000 people atthe 
peak  of  the  shipping  season.  These  employees  are 
assigned  to  vessels  operating  with  about  30  men  per 
ship. 

U.S.  and  Canadian  piloting  personnel  throughout 
the  System  number  about  1 55,  and  maintain  a  seasonal 
lifestyle  of  spring,  summer  and  fall  employment,  with 
the  winter  months  open  for  vacation  or  recreational  ac¬ 
tivities. 


With  winter  navigation,  seasonal  employment  for 
these  groups  would  change  to  year-round  employ¬ 
ment. 

Terminal  and  dock  personnel  are  usually 
employed  year-round  and,  although  season  extension 
would  not  materially  affect  their  work,  their  specific 
duties  would  change  with  a  navigation  extension. 
—  There  are  about  4,000  persons  employad  in  ter¬ 
minals  at  the  peak  of  the  season,  and  another  350 
employed  at  the  Sault  Ste.  Marie  and  St.  Lawrence 
Seaway  locks.  Changes,  both  in  the  work  activities  and 
vacation  schedules,  would  emerge  from  an  extended 
season  effort. 

Working  in  cold  weather  environments:  Winter 
weather,  of  course,  poses  certain  problems  for  people 
working  in  the  winter  months.  Productivity  is  obvious¬ 
ly  affected  due  to  time  required  for  snow  removal,  and 
the  movement  of  bulk  cargo  can  create  handling 
problems  should  they  freeze  into  large  chunks. 

Equipment  used  in  winter  requires  longer  start-up 
periods.  Y ear-round  use  also  eliminates  overhaul  time, 
and  may  necessitate  the  purchase  of  additional  equip¬ 
ment. 

The  safety  and  dress  of  workers  in  winter  con¬ 
ditions  is  also  a  major  item  of  concern. 

Moving  oil  and  hazardous  material  during  winter 

Heating  oil,  gasoline  and  benzine  are  generally  the 
only  hazardous  materials  moved  in  quantity  on  the 
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Ice  boom  constructed  with  an  open  water  navigation 
channel  through'  the  Ice  cover. 


Great  Lakes  during  the  winter  months.  Few,  if  any, 
spills  occur.  The  Coast  Guard  has  indicated  that  winter 
navigation  does  not  include  an  inherently  higher  risk  of 
spillage.  Historically,  most  spills  are  related  to  wave 
damage  and  grounding.  Ice  cover  significantl^redupes  < 
the  potential  for  these  types  of  incidents. 

Consistent  concern  has  been  expressed  by  some 
local  residents  as  to  the  ability  of  the  Government  to 
adequately  contain  and  clean  up  such  spills  before 
irreversible  damage  occurs  in  the  environment. 

The  Department  of  the  Interior  and  Environmen¬ 
tal  Protection  Agency  have  concluded  that  present  day 
technology  to  clean  up  spills  in  ice  covered  fluvial 
waters  of  the  connecting  channels  is  inadequate  to 
protect  fish  and  wildlife  resources  and  their  habitats. 


Defining  costs  and  benefits 


As  part  of  the  overall  Great  Lakes  and  St. 
Lawrence  Seaway  Navigation  Season  Extension  Sqr- 
v«y  Study,  problems  have  been  identified  and  solutions 
developed  and  tested  under  the  Demonstration 
Program  in  order  to  show  that  winter  navigation  is 
possible.  Many  of  the  Demonstration  Program’s  ac¬ 
tivities  were  conducted  in  one  location  which  is 
representative  of  several  areas.  Then,  too,  many 
solutions  to  problems  required  the  development  of  new 
hardware  and  techniques  at  costs  considerably  greater 
than  those  for  standard,  commercially  available 
material,  if  they  could  be  used. 

It  becomes  apparent,  therefore,  that  costs  in  a 
Demonstration  Program  may  not  be  representative  of 
those  occurring  in  a  normal  system-wide  program.  At 
the  same  time,  the  use  of  experimental  costs  prohibit 
the  establishment  of  an  accut  *-  cost-to-benefit  ratio 
for  the  Demonstration  Program .  itself.  Costs  of  each 
demonstration  project  areaccurately  recorded  for  con¬ 
sideration  in  the  overall  feasibility  study. 


58 


% 

1 

I 

$ 

1 

■* 


Canadian  co-participation 


For  any  system-wide  season  extension  program  to 
become  a  reality.  Canadian  co-participation  is  vital.  In 
addition  to  sharing  ownership  of  the  system,  the  major 
portion  of  the  St.  Lawrence  River,  the  system’s  link  to 
the  world's  oceans,  is  within  Canadian  boundaries.  Its 
Seaway  facilities  are  under  the  jurisdiction  of  the  St. 
Lawrence  Seaway  Authority  of  Canada. 

The  system  below  Montreal  currently  enjoys  year- 
round  navigation.  Sharing  such  a  vast  resource. 
Canada  hus  an  obviously  large  stake  in  any  extended 
navigation  season,  and  especially  as  it  relates  to  the 
movement  of  goods  to  and  from  foreign  countries. 

Cooperative  relationships  with  Canada  are 
critical  to  the  success  of  the  program. 


Public  involvement 


An  important  ingredient  of  the  Demonstration 
Program  has  been  the  public  involvement  program,  in 
which  various  publics  have  been  informed  about  the 
first  actions  and  results  of  past  studies  relating  to  the 
winter  navigation  efforts.  Comments  and  suggestions 
were  and  will  be  continually  encouraged  from  groups 
and  individuals  in  order  to  allow  the  Winter  Naviga¬ 
tion  Board  to  gain  the  widest  input  possible  and  to 
direct  activities  acceptable  to  all  levels  within  the  con¬ 
straints  of  the  Program.  This  type  of  public  input  serv¬ 
ed  to  focus  on  many  of  the  problems  facing  the 
program  such  as  shore  erosion  and  structure  damage, 
island  access  difficulties,  and  the  need  for  comprehen¬ 
sive  environmental  studies. 
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After  view  of  the  Mackinaw. 


III.  ACTIVITIES  TO  DATE 


Assisting  vessels  through  ice 


Icebreaker  support 

One  of  the  primary  activities  pursued  by  the  Great 
Lakes  Demonstration  Program  was  the  overall  objec¬ 
tive  of  safe  and  efficient  movement  of  vessels  through 
ice-covered  waters.  The  major  responsibility  for  this  ef¬ 
fort  fell  to  the  U.S.  Coast  Guard  with  its  icebreaking 
activities. 

Coast  Guard  vessel  fleet 

In  the  Great  Lakes-St.  Lawrence  Seaway  System 
two  large  icebreakers  are  used  to  facilitate  extended 
season  vessel  movement  in  ice-covered  waters,  inaddi- 
non  to  these  two  vessels,  one  of  which  is  the  Great 
Lakes  icebreaker  Mackinaw,  a  number  of  smaller 
cutters  are  normally  employed  in  rivers  and  narrow 
channels  to  maintain  traffic  flow. 

During  the  demonstration  effort,  Canadian 
icebreaking  vessel  activities  were  coordinated  with 


those  of  the  U.S.  Coast  Guard.  Section  2  of  Title  XIV, 
U.S.  Code  was  amended  by  PL  93-519  to  authorize 
such  cooperative  icebreaking  activities  on  a  seasonal 
basis. 


Preventive  icebreaking 

Preventive  icebreaking  has  proved  to  be  an  ex¬ 
cellent  alternative  to  single  ship  escort  in  many  areas  of 
the  Great  Lakes.  This  activity  involves  opening  and 
then  maintaining  tracks  through  the  ice  for  large 
vessels  to  follow  to  their  destinations  unescorted. 

Convoy  travel 

During  the  latter  years  of  the  Demonstration 
Program,  the  use  of  convoys  have  proved  to  be  effec¬ 
tive  in  reducing  the  work  load  of  <ne  icebreaker  fleet.  In 
this  case,  ships  arc  assembled  at  a  given  point  and  are 
assisted  to  their  common  regional  destinations  by  an 
icebreaker. 

Joint  U.S.  Coast  Guard-Canadian  Coast  Guard 
Guide 

To  facilitate  the  transmittal  of  information  on 
icebreaking  techniques  and  policy  utilized  during  the 
Demonstration  Program  period,  a  joint  U.S.  and 
Canadian  icebreaking  guide  was  developed  and  dis¬ 
tributed  to  all  U.S.  and  Canadian  shipping  companies 
each  year  of  the  program. 
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Non-conventional  icebreaking 

Several  methods  of  icebreaking  were  tested  during 
the  period  covered  by  the  Demonstration  Program. 
The  tests  were  conducted  in  various  locations  both 
within  and  ouiside  of  the  Great  Lakes  Basin.  Not  all 
tests  were  funded  directly  under  the  Demonstration 
Program.  Information  obtained  from  these  tests  have 
indicated  that  none  are  universally  implementable  un¬ 
der  conditions  found  on  the  Great  Lakes  and  their  con¬ 
necting  channels. 

A  submerged  icecracking  engine  was  tested  on 
Muskegon  Lake  near  Muskegon.  Michigan.  This 
device  breaks  up  ice  by  periodic  sudden  release  of  high 
pressure  combustion  gases  underneath  the  ice.  An 
operating  form  of  this  device  would  be  ship-mounted 
for  navigation  channel  clearance  in  lakes  and  rivers. 
Tests  indicated  that  this  device  could  clear  a  channel  40 
feet  wide  through  ice  two  feet  thick  at  a  rate  of  five 


Scale  model  mechanical  ice  cutter. 


MPH.  A  drawback  for  this  type  of  icebreaking  device 
is  that  it  requires  a  substantial  increase  in  the  power 
supply  of  the  accompanying  vessel. 

Experiments  were  conducted  to  determine  the 
power  requirements  of  cutting  ice  with  high  pressure 
water  jets.  Tests  were  conducted  near  Houghton. 
Michigan,  under  conditions  that  yielded  ice 
thicknesses  of  at  least  two  feet.  It  was  determined  that 
this  form  of  icebreaking  was  not  feasible  because  it  re¬ 
quired  excessive  power  plants  and  the  current  state-of- 
the-art  for  necessary  high  pressure  water  jet  equipment 
was  not  reliable. 

The  operation  of  a  mechanical  ice  cutter  (MIC) 
was  also  investigated.  The  MIC  consists  of  circular 
saws  mounted  on  the  forward  bow  of  a  barge.  When 
the  barge  is  pushed  into  the  ice  field,  two  longitudinal 
cuts  are  made.  Once  cut.  the  sides  break,  bending  un¬ 
der  the  cutter  barge,  and  are  deflected  laterally  under 
the  adjacent  ice  sheet  ..  a  skeg.  mounted  beneath  the 
barge.  It  was  thought  that  the  M  1C  would  leave  in  its 
wake  an  ice  free  channel.  But  it  was  found  that  the 
cleared  channel  would  refreeze  and  with  each  vessel 
passing  a  new’  frozen  cover  with  significant  brash  con¬ 
tent  would  occur  It  was  also  found  that  breakage  of 
adjacent  ice  cover  by  vessel  waves  added  to  the  brash 
content  in  the  channel. 

Air  cushioned  vehicles 

During  the  winter  of  1975-76  Transport  Canada 
conducted  tests  of  a  new  icebreaking  method  at 
Thunder  Bay,  Ontario,  using  an  air  cushion  vehicle, 
Iceater  I.  This  vehicle  is  a  modified  ACT  100  hover¬ 
craft  with  a  14  foot  'V*  notch  cut  into  its  hull  to  accom- 
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Canadian  icebreaker  pushes  air  cushion  vehicle  unit 
during  Lake  Superior  tests. 
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modate  the  bow  of  a  powered  vessel.  The  U.S.  Coast 
Guard  performed  tests  during  the  winter  of  1977-78  us¬ 
ing  air  cushioned  vehicles  as  icebreakers  on  the  Illinois 
and  Mississippi  Rivers.  Vehicles  tested  included  both 
bow  mounted  and  self  propelled  vehicles.  All  vehicles 
tested  were  successful  in  varying  degrees  in  use  as 
icebreakers. 

While  all  these  tests  showed  the  various  devices 
are  feasible  as  icebreaking  methods,  available 
technology  does  not  necessarily  make  them  prac¬ 
ticable.  Additionally,  test  locations  do  not  ensure  that 
the  results  are  universallyapplicablefor  use  under  con¬ 
ditions  found  on  the  Great  Lakes  and  their  connecting 
channels. 


The  Mackace,  a  bow  mounted  air  cushion  vehicle. 
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Air  bubbler  system  on  vessel  hulls  to  ease  transit 

An  air  coating  system  on  a  vessel’s  hull  was 
designed  to  produce  and  direct  a  uniform  coati  ng  of  air 
around  the  vessel’s  hull,  thereby  reducing  the  amount 
of  friction  a  vessel  would  encounter  while  moving 
through  ice  fields.  The  system  consisted  of  a  series  of 
manifolds  located  external  to  the  ship’s  hull,  with  each 
mamfold  connected  to  an  air  supply  line.  The  rapid  ex¬ 
pelling  of  large  quantities  of  air  through  the  small  holes 
in  the  mainfold  caused  an  upswelling  of  water  to  ac¬ 


Artist's  interpretation  of  air  bubbler  system  on  ship 
hull. 


company  the  air.  This  combination  of  air-water  mix¬ 
ture  provided  a  lubricating  film  between  the  ice  and  the 
hull.  Gauges  were  placed  on  the  hull  of  the  testing 
vessel  to  measure  forces  caused  by  movement  through 
ice.  Tests  demonstrated  that  the  test  vessel  did  show 
reductions  in  friction  while  moving  through  ice.  They 
also  indicated  the  practicability  of  designing  air 
manifolds  to  allow  a  uniform  air  coating  to  be  obtained 
at  various  drafts  and  tr<m  conditions.  It  has  not  been 
determined  whether  or  not  such  a  system  is  an 
economical  solution  to  this  problem. 


Air  bubbler  systems  to  suppress  ice  in  channels 

An  air  bubbler  system  produces  rising  air  bubbles 
which  move  the  slightly  warmer  bottom  water  to  the 
surface,  where  it  melts  ice  or  reduces  ice  thickness,  eas¬ 
ing  a  ship's  passage.  An  onshore  air  compressor  feeds 
air  through  a  supply  line  to  a  flexible  perforated 
bubbler  pipe  anchored  along  the  channel  bottom, 
where  its  small  holes  -- 1 0- 1 5  feet  apart  --  cause  a  bub¬ 
ble  stream  to  move  continuously  upward,  creating  a 
current  to  the  surface  The  bubbler  pipe  floats  above 
the  contour  of  the  bottom,  supported  by  ropes  secured 
to  concrete  block  anchors. 

Bubbler  systems  were  tested  for  three  winters 
(.1972-75)  at  the  Duluth-Superior  Harborto determine 
the  effectiveness  of  the  system  over  various  con¬ 
figurations  and  locations  within  the  harbor.  During 
FY  73  a  loop  bubbler  system  was  installed  on  the  west 
side  of  the  Superior  entry  to  the  harbor.  The  site  was 
chosen  because  late  shipments  of  ore  were  schedoled  to 
be  made  that  winter  to  nearby  docks.  The  bubbler 
system  was  intended  to  furnish  information  on  the 
problems  involved  in  installation  and  data  on  the  effec¬ 
tiveness  of  the  system  in  facilitating  movement  into 
and  out  of  the  docks.  Environmental  effects  resulting 
from  operation  of  the  system  were  monitored  prior  to 
installation,  during  operation,  and  after  shutdown. 

Another  bubbler  system  was  installed  at  the 
Duluth-Superior  Harbor  in  and  adjacent  to  Howards 
Bay  to  obtain  additional  information  on  the  costs  and 
problems  involved  in  installation  and  maintenance  of 
bubbler  systems  and  to  further  evaluate  its  effec¬ 
tiveness  in  facilitating  vesse1  movements  in  harbors. 
This  site  was  chosen  because  two  vessels  were  to  arrive 
at  nearby  shipyards  located  within  Howards  Bay  dur¬ 
ing  early  February  1974  for  structure  modifications. 
Again,  the  environmental  effects  were  monitored  by  a 
consultant.  During  operation,  the  system  was  damag¬ 
ed  twice  by  passing  ships.  Both  times,  after  the  system 
was  repaired  and  operation  resumed,  the  ice  was  dis¬ 
sipated  rapidly. 

The  bubbler  system  in  the  Howards  Bay  area  of 
Duluth-Superior  Harbor  was  again  used  during  the 
1974-75  winter  season  for  the  purpose  of  examining  the 
impact  of  such  a  system  on  water  quality. 
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The  bubbler  system  at  the  Superior  entrance  to 
the  Duluth-Superior  Harbor  extended  shipping  at  the 
docks  until  I  January  1973.  A  severe  early  winter  caus¬ 
ed  a  heavy  buildup  of  ice  at  the  docks*  cutting  short  the 
scheduled  extension  of  ore  shipments  by  about  one 
week.  The  vessels  had  no  difficulty  in  maneuvering  in 
the  bubbler  area. 

The  bubbler  system  at  the  Howards  Bay  location 
was  operated  until  19  February  1974.  The  system  per¬ 
formed  well  during  the  test  period,  succeeding  in  keep¬ 
ing  an  area  25  to40feet  wideclearoficeover  the  length 
of  the  bubbler  and  with  greatly  reduced  ice  thickness 
extending  an  additional  20  feet  on  either  side. 

The  bubbler  system  also  proved  to  be  en¬ 
vironmentally  acceptable  with  no  serious  adverse 
effects  observed  during  three  years  of  study.  The 
system  appears  to  be  practical  and  suitable  for  use  over 
a  wide  variety  of  applications  and  locations. 

In  the  St.  Marys  River,  at  the  Lime  Island  Turn,  a 
bubbler  system  was  used  in  the  winter  of  1972-73  and 
again  in  1973-74  This  location  was  selected  because 
ships  experienced  unusual  difficulty  in  negotiating  the 
sharp  70s  turn  in  a  stable  ice  field  that  produced  as 
much  as  three  feet  of  ice.  The  water  depth  was  about  55 
feet  and  current  velocity  was  relatively  low  (less  than 
one-half  foot  per  second).  This  test  used  a  5,000-foot 
supply  line  from  the  Island  connected  to  a  3,000-foot 
bubbler  pipe  located  on  the  channel  bottom. 

The  Lime  Island  Turn  bubbler  installation  per¬ 
formed  well.  Ice  thickness  was  negligible  directly  over 
the  diffuser  pipe.  The  installation  significantly  aided 
vessel  passage  through  the  T um.  although  it  was  learn¬ 
ed  that  ships  had  to  pass  directly  over  the  bubbler 
center  line  in  order  io  achieve  maximum  benefit. 

Vessel  masters  traversing  the  St.  Marys  River  dur¬ 
ing  the  extended  navigation  season  reported  that  as  a 
result  of  the  bubbler  system  they  were  able  to  negotiate 
Lime  Island  Turn  without  difficulty.  They  suggested 
that  the  bubbler  line  be  lengthened  to  include  more  of 
the  turn,  and  some  expressed  the  opinion  that  there 
was  some  decrease  in  ice  thickness  downstream  from 
the  turn  because  of  the  bubbler  operations. 

Thermal  ice  suppression 

A  test  was  devised  during  the  Demonstration 
Program  to  investipte  the  use  of  thermal  discharge 
from  industry  and  power  production  in  various 
locations  around  the  Great  Lakes  as  a  means  of 
facilitating  winter  shipping.  A  thermal  suppression 
system  is  very  similar  to  an  air  bubbler  system  in  that 
warm  effluent  water  is  released  through  a  diffuser  pipe 
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View  oj  convoy. 


to  reduce  ice  thickness  or  to  prevent  ice  formation  in  a 
navigable  waterway. 

Ihrough  the  end  of  IY  75,  cflorts  were  made 
toward  site  selection,  a  feasibility  study,  the  collection 
ol  environmental  baseline  data  lor  several  years  prior 
to  testing,  the  design  ol  a  pilot  test  facility,  and  the 
purchase  ol  equipment  A  number  ol  locations  were 
considered  Saginaw  Hay,  at  the  mouth  ol  the  Saginaw 
Kiver  in  l.ake  Huron,  was  finally  selected  as  the  best 
site  to  study  the  thermal  ice  suppression  process 
hquipment  was  installed  and  tested  in  I  Y  76, 

1  he  thermal  ice  suppression  demonstration  was 


conducted  using  heated  effluent  Irom  a  power  plant 
located  near  the  test  site.  A  feeder  pipe  was  installed  to 
the  navigation  channel  and  a  diffuser  pipe  800  leet  long 
was  laid  along  the  channel  edge 

1  he  healed  elfluent  was  discharged  through  a 
series  ol  nozzles  positioned  at  angles  ol  0“  to  45°  and 
90°  to  the  channel  bottom  lest  data  was  collected 
throughout  the  winter  to  determine  the  horizontal  ex¬ 
tent  ol  the  effects  ol  the  heated  water,  its  effectiveness 
and  its  cnviionmental  impacts  Substantia!  ic*  melt, 
which  was  anticipated,  did  not  oecut  I  he  thermal 
plume  Irom  the  horizontal  and  45"  dittusei  nozzles  did 
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not  melt  surface  ice.  However,  the  vcrticle  jets  did 
produce  open  water  areas.  The  potential  of  combining 
an  air  bubbler  system  with  warm  water  discharges  was 
favorably  discussed  but  no  studies  were  performed, 


Navigation  aids,  devices  and  systems 


Prototype  ov  buoy  tests 

A  regional  deterrent  to  winter  navigation  in  the 
confined  waters  ot  the  Great  Lakes  St.  Lawrence 
Seaway  System  is  the  removal  ot  the  conventional 
buoys  by  the  Coast  Guurd  as  ice  begins  to  form.  These 
buoys  arc  removed  to  prevent  their  being  moved  off 
station,  or  capsized  by  ice. 

Based  upon  admittedly  limited  experience,  the 
Coast  Guurd,  in  1972,  designed  six  buoysto  withstand 


the  rigors  of  the  ice  environment.  Various  sizes  were 
designed  to  ascertain  cost  ratios,  ice  accumulation  on 
superstructures  and  handling  capability.  Of  the  six, 
two  were  stock  items  from  the  Coast  Guard's  existing 
inventory  of  ocean  buoys.  These  were  modified  by 
removing  open  cage  ladder-style  superstructures  and 
installing  cylindrical  1 2  inch  diameter  tubes  tosupport 
beacons.  This  modification  reduced  the  affected  area 
of  ice  accumulation. 

One  of  the  buoys  was  9  feet  in  diameter  and  20  feet 
long,  with  a  conical  base.  Under  high  forces,  the  sloped 
edge  of  the  base  could  assist  the  buoy  to  ride  up  to  the 
surface  of  the  ice,  reducing  the  strain  on  the  anchor. 
The  second  was  a  standard  cylindrical  buoy  9  feet  by  32 
feet. 

A  Discus  buoy  was  designed  and  constructed  in  an 
octagonal  shape  deployed  in  the  St.  Marys  River  at  the 
Lime  Island  Turn.  The  largest  buoy  tested,  the  Discus 
was  16  feet  in  diameter,  but  with  a  shallow  draft  and 
wit  h  sloping  sides  so  that  it  toe  would  ride  up  on  the  ice 
surface  under  heavy  pressure. 

The  three  large  buoys  were  made  with  a  special 
anchor  system  comprised  of  a  high  holding  power 
"Stato"  anchor,  which  was  capable  of  producing  a 
holding  power  to  weight  ratio  of  10:1  and  possibly 
20:1.  With  an  anchor  weight  of  9,000  pounds,  the 
holding  power  could  reach  180,000  pounds  in  the  river 
bottom  soils  commonly  found  in  the  Great  Lakes 
areas.  In  each  mooring  chain,  self-recording  ten¬ 
siometers  were  installed  to  provide  data  which  would 
determine  the  ice  forces  experienced  and  provide  a 
comparison  between  different  buoy  hulls,  shapes  and 
sizes. 

Three  smaller  buoys,  5  feet  in  diameter  and  1 8  feet 
long,  were  also  tested  under  ice  conditions  in  the 
Detroit  and  St.  Clair  Rivers,  where  large  sheets  of  ice 
do  not  frequently  occur.  This  would  reduce  the  ice 
forces  on  moorings.  Instability  due  to  ice  accumulation 
on  superstructures  was  a  common  problem  in  these 
areas,  so  the  modification  in  the  5-foot  by  18-foot 
buoys  attempted  to  maintain  the  buoys  in  an  erect 
position,  despite  the  ice  formation. 

Additional  testing  of  ice  buoys  continued  in  FY 
75,  with  the  high  hopes  that  "Stato"  anchors  and  some 
design  modifications  of  ice  buoys  would  solve 
problems,  ice  accumulation  on  the  top  of  buoys 
resulted  in  the  buoy  becoming  top  heavy  and  turning 
over,  displacing  the  light  from  the  mariner’s  plane  of 
eve  and  damagingthelantern.  Also,  shifting  ice  floes  in 
the  channel  resulted  in  displacement  of  buoys,  taking 
them  from  their  charted  positions.  The  tests  did  not 
coni  inn  that  the  revised  design  solved  these  problems. 
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User  reports  indicated  that  the  experimental 
buoys  were  generally  effective--they  maintained  thur 
position  in  ice,  were  highly  detectable  on  ship  radar, 
readily  detectable  visually  and  were  a  valuable  aid  to 
the  shipmaster  in  planning  his  approach  to  a  turn  in  the 
chunnel.  Although  the  ice  conditions  were  relatively 
mild  during  the  testing  period,  the  results  ot  these  tests 
indicate  that  it  is  possible  to  design  and  deploy  ice 
buoys  for  year-round  navigation 

While  useful  in  certain  areas  from  the  manner's 
standpoint,  specific  lighted  ice  buoys  proved  to  be  less 
reliable.  Generally,  unlighted  ice  buoys  showed  more 
promise,  and  it  is  expected  that  there  would  be  more 
use  ol  this  type  ol  buoy  in  the  future  as  winter  aids  to 
navigation  in  the  Great  Lakes  St.  Lawience  Seaway 
System. 

Deployment  ami  teuton  of  radar  transponder 
beacons  (HA  C'ONs) 

An  evaluation  of  radar  transponder  beacons 
(RACONs)  was  conducted  by  the  Coast  Guard.  The 
RACON  is  designed  to  transmit  a  response  to  a  ship’s 
radar  signal,  enabling  long-range  detection  ol  a  shore 
target  and  better  range  determining  capability 

The  range  enhancement  is  a  significant  factor  for 
safe  navigation  during  an  extended  season  because 
ridges  caused  by  wmdrowed  ice  can  create  a  false  dis¬ 
play  of  the  shoreline,  thereby  introducing  position  un¬ 
certainties.  RACON  displays  on  ship  radar  screens  in¬ 
dicate  the  bearing  and  range  to  the  unit  and  the  signal 
can  be  coded  for  positive  identification  Detection 


ranges  averaged  8  to  1 6  miles,  depending  on  the  type  of 
ship’s  radar. 

RACON  installations  in  prior  years  yielded  a 
radar  response  of  90-150  seconds,  which  was  con¬ 
sidered  an  excessive  delay.  Modifications  to  four  of  the 
six  units  were  provided  to  decrease  the  response  time  to 
approximately  30  seconds.  The  RACONs  were 
deployed  at  several  locations  in  the  St.  Marys  River, 
The  RACON  response  interval  is  a  function  of 
both  the  rotation  speed  of  the  radar  antenna  and  the 
bandwidth  of  the  radar  receiver.  Generally,  slow  rota¬ 
tion  speeds  (20  RPM  or  less)  and  wide  bandwidths(l2 
Mil/  or  higher)  improve  the  detection  interval  most 
successfully  More  f  requent  response  times  cause  slight 
decreases  in  detection  ranges  for  certain  ship  radars. 
Despite  this  decrease,  most  users  favor  the  shorter  in¬ 
terval  between  responses. 

Mint  I oran-C  radionavtganon  system  tests 

I  oran  (I  ong  Range  Navigation)  is  a  highly  ac¬ 
curate  position  determining  system  which  utilizes  the 
difference  in  the  time  of  arrival  of  radio  frequency 
pulses  btoadcast  by  three  or  more  broadcasting 
stations  Simpler  to  operate  than  a  television  set. 

I  oian-C  teceivers  are  offering  vessel  officers  position 
fixing  systems  capable  of  determining  a  vessel’s  "fix" 
with  accuracy  within  one-qualer  of  a  mile 

A  Mini  l.oran-C.  a  scaled  down  l.oran-C  system 
involving  a  low  power  transmitter,  has  been  installed 
to  provide  pieeision  radionavigation  coverage  of  the 
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St.  Marys  River.  The  system  consists  of  unmanned 
transmitters  located  from  30  to  100  miles  apart  which 
are  precisely  controlled  by  a  monitor  located  in  the 
coverage  area.  The  Loran-C  coverage  area  includes  the 
St.  Marys  River  from  Whiteflsh  Bay  in  Lake  Superior 
to  DeTour  Passage  in  Lake  Huron. 

To  provide  the  desired  coverage  in  all  areas  of  the 
St.  Marys  River,  and  to  provide  the  accuracy  required 
for  a  precision  guidance  system,  four  stations  (two  in 
Canada  and  two  in  the  U.S.),  are  used,  each  transmit¬ 
ting  100  watts. 

Each  transmitting  station  is  continuously 
monitored  at  the  Sault  Ste.  Marie  monitoring  station, 
and  is  remotely  controlled  to  maintain  the  required  ac¬ 
curacy. 

The  position  accuracy  desired  in  such  a  system  in  a 
region  where  it  is  precisely  controlled  is  on  the  order  of 
+  25  feet. 

The  Mini  Loran-C  chain  is  operated  and  con¬ 
trolled  by  the  U.S.  Coast  Guard  and  is  officially  under 
evaluation  and  test  status.  The  demonstration  per¬ 
formed  at  the  St.  Man's  River  was  to  show  that  a  main 
traffic  control  system  using  Loran-C  is  an  effective  way 
to  control  the  passage  of  vessels  through  a  congested 
area. 

To  accomplish  that  objective,  the  system  must 
possess  a  high  level  of  precision  necessary  to  safely 
navigate  in  the  region  and  a  method  of  monitoring  the 
progress  of  vessels  in  the  area  from  a  central  location. 

In  the  demonstration  system,  the  precision  is 
shown  by  processing  signals  produced  by  the  Mini 
Loran-C  chain  and  displaying  position  data  on  board  a 
vessel,  and  a  remote  monitoring  function  is  shown  by 
sending  the  same  position  data  over  a  VHF  radio  link 
and  displaying  it  on  shore.  The  plot  of  display  on 
shore,  drawing  the  same  track  for  the  vessel  as  the  ship¬ 
board  plot  of  display  that  takes  the  position  data 
directly  from  the  Loran  receiver,  provides  a  real  time 
remote  record  of  the  vessel’s  progress. 

The  shipboard  Loran-C  Precision  Guidance 
System  was  first  installed  in  the  fall  of  1 976  aboard  the 
USCG  Cutter  Naugatuck,  a  1 10-foot  tug  operating  out 
of  Sault  Ste.  Marie,  Michigan.  Tests  were  performed 
to  calibrate  the  system  and  check  positional  accuracy. 
Additional  tests  were  performed  aboard  other  U.S. 
Coast  Guard  vessels  and  a  767-foot  Great  Lakes 
carrier. 
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During  Mini  Loran-C  demonstrations,  it  was 
determined  that  due  to  the  very  narrow  channels  in  the 
St.  Marys  River,  accuracy  within  25  feet  is  desired. 
Although  this  has  not  yet  been  achieved,  efforts  are 
continuing  to  find  accuracies  to  these  limits.  Several 
changes  were  made  in  the  graphic  display  mechanism 
and  mechanical  components  were  made  during  the 
program  to  improve  the  Loran  and  its  gyrocompass 
processing. 


After  the  changes  the  test  system  was  installed  on 
the  USCG  Mackinaw  for  its  winter  icebreaking  mis¬ 
sion.  It  has  shown  some  ability  fos  providing  useful 
guidance  information  for  navigation  in  restricted 
waterways.  In  addition,  the  severe  vibrations  caused  by 
the  icebreaking  operation  of  the  Mackinaw  wasagood 
test  of  the  system’s  mechanical  ruggedness. 

Additional  operational  testing  is  required  to  fully 
evaluate  the  system's  navigational  capability,  ability  to 
follow  the  same  course,  and  accuracy  from  end  to  end 
of  the  St.  Marys  River. 

Precise  laser  and  radar  aid  to  navigation  system 
(PLANS  and  PRANS)  tests 

The  Maritime  Administration  contracted  for  the 
study  of  a  precise  all-weather  navigation  system  to 
evaluate  several  alternative  navigation  configurations 
for  use  in  restricted  navigation  waters. 

The  objectives  of  the  test  program  werctoacquire 
engineering  data,  verify  system  operation,  analyze 
operational  constraints  on  shipping,  and  to  assemble 
information  pertinent  to  the  specific  needs  of  a  Great 
Lakes  all-weather  navigation  system  design.  The  con¬ 
tract  called  for  the  design  and  construction  of  a  hybrid 
shipboard  radar/  laser  precise  navigation  system  which 
would  consist  primarily  of  laser  and  radar 
transmitter/receivers.  A  single  processing  computer,  a 
counter  and  a  display  unit  were  installed  on  a  test 


vessel.  Twenty-nine  retro-reflectors  and  four  laser 
retro-reflectors  were  installed  in  21  locations  on  the  St. 
Marys  River  in  a  34-mile  area  adjacent  to  Sault  Ste. 
Marie  to  establish  the  test  range,  and  provide  coverage 
for  12  channels. 

The  position  of  the  retro-reflectors  were  accurate¬ 
ly  surveyed  and  incorporated  into  the  computer 
program  for  the  navigation  system. 

Optical  and  radio-frequency  ranging  techniques 
were  utilized,  employing  both  a  pulsed  laserand  a  puls¬ 
ed  radar  as  inputs.  A  computer,  an  ultra  high  speed  in¬ 
terval  timer  and  various  signal  conditioning  and  con¬ 
trol  circuits  were  integrated  to  provide  real  time  infor¬ 
mation  pertaining  to  the  vessel’s  position  and  attitude 
in  the  narrow  channels.  The  output  displays  the  dis¬ 
tance  to  the  next  turn,  the  distance,  right  or  left  of  the 
channel  centerline,  the  angular  difference  between  the 
vessel’s  heading  and  the  centerline  of  the  channel  and 
the  true  speed  over  the  bottom. 

Because  the  accuracy  of  the  laser  sub-system  had 
been  verified  during  laboratory  testing,  efforts  were  in¬ 
itially  concentrated  on  providing  an  accurate  radar 
system.  During  testing  of  the  system  problems  arose 
when  conditions  of  poor  visibility  obscured  the  laser 
beams.  This  required  that  the  radar  mode  be  accurate 
in  order  to  satisfy  the  all-weather  design  of  the  system. 
Due  to  this  deficiency,  the  decision  was  made  to  drop 
the  laser  mode  of  the  system. 

The  evaluation  of  the  experimental  precise 
navigation  system  demonstrated  the  ability  of  a 
computer-controlled  system  to  automatically  produce 
accurate  real-time  navigational  data  for  a  continuous 
series  of  courses  through  restricted  waters.  Obser¬ 
vations  indicated  that  a  practical,  all-weather,  precise 
navigation  system  can  be  produced  utilizing  a 
dedicated  radar  integrated  with  a  mini-computer. 

An  internal  agency  decision  was  made  within 
MARAD  not  to  pursue  further  developmental  work 
on  PRANS  until  results  of  the  St.  Marys  River  Mini 
Loran-C  chain  installation  could  be  judged,  because 
M  AR  A D  did  not  want  to  duplicate  efforts.  The  Winter 
Navigation  Board  did  not  consider  the  PRANS  system 
and  the  Loran-C  system  competitive.  The  PRANS  ac¬ 
tivity  was  transferred  to  the  St.  Lawrence  Seaway 
Development  Corporation  as  part  of  its  study  entitled, 
"Definition  of  All-Weather  Navigation  Requirements 
for  the  St.  Lawrence  Seaway." 

Development  of  precise  all-weather  aid  to  naviga¬ 
tion  system  (PA  H 'NS) 

The  formation  of  ice  in  the  St.  Lawrence  Seaway 
in  late  fall  necessitates  the  removal  of  lighted  buoys. 
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thereby  prohibiting  navigation  during  night  time  and 
periods  of  low  visibility.  To  meet  the  requirement  for 
extension  of  the  navigation  season,  and  to  increase  the 
Seaway  capacity,  the  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation  has  been  investigating  the  feasibility 
of  providing  a  precise,  all-weather,  electronic  naviga¬ 
tion  system  which  will  permit  operation  during  periods 
of  darkness  and  low  visibility. 

The  program  is  a  two-phase  study  which  includes 
( I )  a  system  engineering  study  to  determine  electronic 
navigation  accuracy  requirements  necessary  to  max¬ 
imize  Seaway  capacity  and  maintain  safety  standards 
and  (2)  demonstration  and  evaluation  of  several  elec¬ 
tronic  navigation  systems  in  the  Seaway  to  determine 
the  applicability  of  a  precise  all-weather  navigation 
system  to  the  Seaway. 

T wo  separate  system  engineering  studies  were  per¬ 
formed  and  completed  during  FY  77-78.  The  first 
study  described  tie  characteristics  of  the  Seaway,  iden¬ 
tified  the  high  accident  areas  and  established  re¬ 
quirements  for  vessel  guidance  and  navigation  within 
the  Seaway.  The  second  study  developed  the  capacity 
versus  electronic  navigation  aid  accuracy  relationships 
for  Sea  way  operations,  as  well  as  recommendajtions  for 
a  system  specification,  which  included  a  data  process¬ 
ing  and  display  system. 

During  FY  79.  a  navigation  demonstration  was 
conducted  on  the  Seaway,  using  modern  electronic 
navigation  equipment.  The  demonstration  facility  in¬ 
cluded  a  precision  reference  system,  two  positioning 
systems  (LORAN-C  and  RAYD1ST-T).  and  a  data 
display  system. 


Precise  laser  aid  to  navigation  system  (PLANS). 


The  demonstration  data  allowed  refinement  of 
system  performance  specifications  initially  defined  in 
the  requirements  study.  The  section  of  the  Seaway 
between  Iroquois  and  Snell  Locks,  near  Massena.  New 
York,  was  selected  as  the  demonstration  area.  System 
performance  was  measured  with  conventional  survey¬ 
ing  techniques  as  well  as  with  an  electronic  precision 
reference  system  fDel  Norte  Trisponder).  A  data  ac¬ 
quisition  computer  processed  signals  received  from  the 
positioning  systems  and  from  the  precision  reference 
positioning  system  for  subsequent  analysis.  The  ship¬ 
board  display  graphically  provided  piloting  informa¬ 
tion  obtained  from  the  positioning  systems  and  the 
ship's  gyro.  The  display,  a  refinement  of  the  equipment 
used  by  the  U.S.  Coast  Guard  in  the  mini  LORAN-C 
tests  at  the  Soo.  showed  the  ship's  location,  heading 
and  velocity  on  a  computer  generated  map  of  the 
Seaway  channel  which  included  shorelines  and  promi¬ 
nent  landmarks.  The  acquisition  system  is  collecting 
data  which  will  allow  a  comparison  of  the  dynamic 
positions  determined  by  the  demonstration  systems 
and  the  precision  positioning  system.  These  data  will 
provide  the  basis  for  the  statistical  evaluation  of  the 
demonstration  systems. 

Follow  -the-wire  guidance  system 

The  Coast  Guard  investigated  a  system  for  ship 
guidance  in  channels,  harbors  and  other  waterways  us¬ 
ing  a  magnetic  field  generated  by  undersea  cables.  The 
purpose  of  the  investigation  was  to  discover  a  short- 
range.  high-accuracy  system  which  would  be  effective 
under  low  visibility  conditions  and  would  not  be 
affected  by  high  winds  and  ice.  Such  a  system  could 
substitute  under  certain  limited  conditions,  for  buoys, 
which  are  easily  damaged  at  dry  dock  stations  by 
severe  winds  and  ice. 

The  wire  guidance  system  consists  of  an  electrical 
conductor  deployed  at  the  bottom  of  a  waterway, 
along  a  prescribed  course  or  channel.  The  water  is 
energized  with  a  low  frequency  alternating  electric 
current.  The  magnetic  field  created  around  the  wire  is 
detectable  by  using  a  wire  coil.  Two  such  coils  are 
mounted  perpendicular  to  each  other  and  are  applied 
to  the  vertical  and  horizontal  deflection  plates  of  an  os¬ 
cilloscope.  generating  an  elliptical  figure. 

The  figure  on  the  oscilloscope  rotates  in  accor¬ 
dance  with  the  lateral  position  of  the  craft  coil  with 
respect  to  the  wire.  This  phenomenon  allows  a  vessel 
with  a  properly  installed  system  to  accurately  follow 
the  course  of  the  wire  installed  on  the  bottom. 
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Great  Lakes  tug  assists  ore  carrier  in  ice. 


The  essential  feature  of  the  sensing  system  was  the 
fact  that  the  vertical  component  of  the  magnetic  field 
vanished  at  points  directly  above  the  cable,  which  was 
an  indication  of  desired  position.  The  results  of  the 
follo\V-the-wire  investigation  were  sufficiently  promis¬ 
ing  to  warrant  further  investigation  leading  to  a 
prototype  installation. 

The  Coast  Guard  performed  field  trials  of  a 
follow-the-wire  system.  This  system  consisted  of  an 
energized  cable  which  was  laid  for  four  miles  by  the 
Coast  Guard  cutter  Woodbine  at  the  bottom, of  the 
Muskegon  Channel,  which  connects  Lake  Michigan 
and  Lake  Muskegon. 

Sensors  and  display  equipment  were  mounted  on 
the  Coast  Guard  cutter.  Results  of  the  field  trials  again 
were  such  as  to  encourage  further  investigation  of  the 
system. 

Underjoint  sponsorship  of  the  Corps  of  Engineers 
and  the  Coast  Guard,  a  two-step  project  to  design  and 
install  a  combination  air  bubbler  and  wire  guidance 
svstem  was  initiated  in  Whitefish  Bay.  This  particular 


installation,  however,  sought  to  determine  the  effec¬ 
tiveness  of  a  water  bubbler  system  under  shifting  ice 
conditions  of  larger,  open  bodies  of  water.  Although  a 
system  was  designed,  it  was  never  tested  asit  was  deter¬ 
mined  that  this  system  was  not  as  effective  as  Loran-C 
and  others. 


Laser  range  light 

The  laser  range  differs  from  a  conventional  range 
light  system  in  that  the  observer  docs  not  have  a  direct 
view  of  the  light.  A  very  narrow  light  beam  is  aimed 
a  bo  ve  the  vessel  and  is  visible  due  to  a  scattering  of  the 
light  beam  from  minute  dust  or  precipitation  particles. 
The  beam  appears  sometimes  like  a  trolly  wire  in  the 
sky.  providing  an  accurate  lateral  alignment  of  the 
vessel  within  the  channel.  The  laser  beam  could  be  seen 
clearly  under  clear  to  hazy  atmospheric  conditions, 
however,  t  he  bea  m  was  not  used  under  heavily  overcast 
conditions. 
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A  winter’s  night  In  the  Straits  of  Mackinac.  Steamer  moves  through  thinning  Ice. 


Program,  were  improved  under  the  program.  Remote 
tensing  of  Great  Lakes  ice  conditions  was  undertaken 
as  a  joint  effort  by  the  Coast  Guard,  National  Weather 
Service,  National  Aeronautics  and  Space  Administra¬ 
tion,  and  Corps  of  Engineers. 

Established  one  year  prior  to  the  start  of  the 
Demonstration  Program,  the  Ice  Navigation  Center  in 
Cleveland,  Ohio,  operated  seven  days  a  week  each  year 
during  the  ice  season.  Personnel  at  the  Center  kept 
abreast  of  commercial  shipping  itineraries  and  the 
plans  of  all  Coast  Guard  icebreakers.  They  also 
scheduled  Coast  Guard  ice  reconnaissance,  collected 
pnd  disseminated  ice  information  to  interested  users, 
and  validated  and  transmitted  remote  sensing  imagery 
of  Coast  Gur.rd  shore  stations  for  broadcast  to 
merchant  vessels. 

The  Ice  Naugation  Center  produced  an  ice  sum¬ 
mary  which  was  issued  approximately  three  times  a 
week.  In  addition,  the  latest  ice  forecast  and  outlook 
issued  by  the  National  Weather  Service  (NWS!  were 
relaved  by  the  Ice  Navigation  Center  for  broadcast 
from  Coast  Guard  shore  stations.  The  ice  summary 
was  passed  to  all  teletype-equipped  units  in  the  Ninth 
Coast  Guard  District  and  mailed  to  vessel  agents,  A 
high  resolution  telecopier  network  enabled  the 
transmission  of  remote-sensing  imagery  and  ice  charts 
to  the  NWS  Forecast  Office,  Ann  Arbor,  Michigan, 
and  Ice  Forecasting  Central  in  Ottawa,  Ontario, 
Canada.  An  information  package,  containing  remote 
imagery,  ice  charts,  a  daily  ice  summary  and  wind  and 
temperature  charts,  was  made  available  to  vessels  tran¬ 
siting  the  Soo  Locks. 


Ice  sampling  by  Seaway  personnel. 
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C’mwf  Guard  helicopter  lands  on  deck  oj  icebreaker 

Aerial  recotmmsMwec  anil  remote  sensing  of  ice 
conditions.  A  system  for  monitoring  ice  conditions  on 
the  Great  I  tikes  and  pros  iding  near-real  time  informa¬ 
tion  about  ice  location,  type  and  thickness  directlv  to 
the  ships’  bridges  for  wintei  navigation  was  developed 
at  the  National  Aeronautiesund  Space  Administration 
(NASA)  I  evvis  Research  Center  at  the  request  of  the 


Winter  Navigation  Board. 

At  the  heart  ot  the  system  is  a  side-looking  air- 
boi  tie  radar  (SI  AR)  system  for  delecting  ice  cover  and 
tvpe  regardless  of  cloud  cover.  The  Coast  Guard  air- 
cralt  Hew  over  the  Great  Lakes  three  or  four  times  a 
week  and  took  radar  readings  of  the  sire  and  location 
ot  ice  cover  on  the  Lakes 


As  the  aircraft  flies  over  the  approximate  center- 
line  of  the  body  of  water,  ice  data  are  taken  as  con¬ 
tinuing  data.  The  data  are  transmitted  in  real  time 
through  a  weather  satellite  operated  by  the  National 
Oceanic  and  Atmospheric  Administration  (NOAA)  to 
a  ground  station  and  relayed  via  telephone  landline  to 
the  U.S.  Coast  Guard  Ice  Navigation  Center  at 
Cleveland,  Ohio.  The  SLAR  image  is  also  re¬ 
transmitted  to  the  NWS  Forecast  Office  in  Ann  Arbor 
for  use  in  ice  data  analysis  and  forecasting. 

Data  are  then  transmitted  via  a  VHF-FM  radio 
link  to  facsimile  recorders  on  board  the  ships  and  in 
shipping  company  offices.  This  process  allows  the 
ships  and  shipping  companies  to  obtain  a  map  of  type, 
location  and  extent  of  ice  in  the  entire  lake  within  two 
to  three  hours  after  the  aircraft  over-flight.  With  this 
map.  shipping  companies  can  dispatch  ships  with  safe 
assurance,  and  ship  masters  can  plot  safe  and  efficient 
courses. 

NOAA  weather  satellite  assistance  was  also  utiliz¬ 
ed  in  the  Demonstration  Program,  on  a  testing  basis, 
to  provide  ice  information.  The  satellite  was  part  of 
'Project  Ice  Warn"  by  the  NASA  Research  Center  at 
Cleveland.  The  project  coordinated  radar  readings 
taken  by  Coast  Guard  reconnaissance  aircraft  with 
routine  satellite  weather  picture  transmissions. 

Great  Lakes  Environmental  Research  Laboratory 

Ice  thickness  measurements:  The  Great  Lakes  En¬ 
vironmental  Research  Laboratory  (GLERL).  has  been 
collecting  data  and  performing  investigations  on  Great 
Lakes  ice  cover  since  1963.  The  purpose  of  these  in¬ 
vestigations  is  to  develop,  test,  and  improve  methods 
of  forecasting  and  controlling  the  effects  of  ice  and 
snow  on  navigation,  shorelines,  shoreline  structures, 
power  generation,  and  the  Lakes  themselves. 

GLERL  has  utilized  surface  and  aerial  recon¬ 
naissance  to  determine  ice  thickness  and  movement, 
and  effects  on  navigation.  A  component  of  the 
National  Oceanic  and  Atmospheric  Administration 
(NOAA),  GLERL  maintains  ice  measurement  sites 
along  the  perimeter  of  the  Great  Lakes. 

These  sites,  selected  to  monitor  natural  ice  growth 
in  early-freezing  areas,  have  been  used  to  record  ice 
thickness  measurements  for  over  ten  winters  at  some 
locations.  Ice  measurements  were  made  regularly  dur¬ 
ing  the  extended  navigation  season  program  at  ap¬ 
proximately  35  locations,  1 1  of  which  were  established 
as  part  of  the  Demonstration  Program 


Ore  carrier  Roger  Blouch  and  Coast  Guard  cutter 
dotenbound  in  Lock  at  Soo. 


('.colonist  stores  ice  sample  cut  from  large  field. 
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Geologists  cut  sections  of  ice  which  are  then  polished 
and  examined  with  polarized  light. 


The  actual  number  of  sites  varied  from  winter  to 
winter,  depending  upon  the  funding  levels  and  upon 
the  availability  of  observers.  Data  from  selected  sites 
were  coded,  tabulated  and  transmitted  to  the  Coast 
Guard  Ice  Navigation  Center  at  Cleveland  for 
operational  use  at  intervals  throughout  the  winter. 

Air  and  water  temperature  measurements:  Ai  r  a  nd 
water  temperatures  constitute  two  of  the  basic 
parameters  needed  for  the  development  of  ice  forma¬ 
tion  and  ice  deterioration  forecasting.  Observation  of 
these  important  parameters  at  selected  river,  bay,  and 
harbor  locations  was  initiated  during  the  Winter 
Navigation  Program. 

Analog  air/ water  thermographs  were  installed  at 
two  locations  on  the  St.  Marys  River  (Southern  West 
Neebish  Rock  Cut  and  DeTour  Village)  and  two 
locations  on  the  St.  Clair  River(Algonacand  St.  Clair. 


Michigan).  These  instruments  were  installed  in  1972. 
Digital  punch  paper  tape  water  temperature  gauges 
were  installed  in  Duluth  Harbor  on  Lake  Superior,  in 
Green  Bay  and  at  Grand  Traverse  Bay  on  Lake 
Michigan  and  Saginaw  Bay  on  Lake  Huron  in  1974. 
The  thermographs  on  the  St.  Marys  and  St.  Clair 
Rivers  were  removed  in  1976.  The  digital  gauges  on  the 
bay  and  harbor  sites  are  still  in  operation. 

Preliminary  analysis  of  data  has  been  started  at  all 
temperature  gauge  locations,  but  instrument  problems 
and  time  constraints  have  limited  the  editing  of  any 
further  analysis  of  the  data.  Additional  data  reduction, 
editing,  and  analysis  must  be  performed  before 
evaluations  can  be  made  dealing  with  the  application 
of  the  data  for  ice  formation  and  ice  deterioration 
forecasting. 

Bathythermograph  measurements:  An  important 
process  to  consider  in  the  development  of  short  or  long 
range  forecasting  of  ice  h..ormation  for  the  Great 
Lakes  is  the  amount  of '  eat  stored  and  its  annual 
variations.  Accordingly,  in  winter  1972-73,  a  program 
was  initiated  to  measure  heat  storage  in  Lake  Superior 
during  the  extended  navigation  season.  Preliminary  in¬ 
vestigations  covering  20  cruises  over  four  winters 
(1972-76)  documented  heat  storage. 

Measurements  were  conducted  with  an  expen¬ 
dable  bathythermograph  system  carried  by  domestic 
vessels,  which  were  taking  part  in  the  extended  season 
program.  After  each  cruise,  data  were  forwarded  to  the 
National  Weather  Service  and  the  Ice  Navigation 
Center  for  incorporation  in  ice  forecasts.  An  assess¬ 
ment  of  current  ice  conditions  was  made. 

A  four-year  program  to  document  fall  heat 
storage  in  Lake  Superior  began  in  1976.  As  in  the 
winter  program,  preliminary  field  data  are  made 
available  on  a  near-real-time  basis  to  the  National 
Weather  Service  and  are  used  in  making  operational 
long-range  ice  forecasts. 

Development  of  ice  forecasting  techniques:  The 
Great  Lakes  Environmental  Research  Laboratory 
(GLERL)  directed  research  in  ice  forecasting 
specifically  for  the  extended  navigation  program  in 
two  areas-  the  development  of  freeze-upand  break-up 
forecasts  on  the  St.  Lawrence  River  and  the  develop¬ 
ment  of  special  daily  ice  forecasts  for  the  Little  Rapids 
Cut  of  the  St.  Marys  River.  The  ice  forecasting  techni¬ 
ques  developed  in  the  areas  were  implemented  by  the 
National  Weather  Service. 
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Long  range  freeze-up  forecasts  for  the  St. 
Lawrence  River,  based  on  the  procedure  developed  at 
GLERL.  were  initiated  by  the  National  Weather  Ser¬ 
vice  in  the  fall  of  1975.  Operational  forecasts  of  the 
probability  of  ice  related  shore  problems  in  Little 
Rapids  Cut  were  begun  in  the  1974-75  winter  season. 
Gl  FRL  developed  a  model  to  predict  the  ice  breakup 
period  in  the  St  Lawrence  River.  The  ice  breakup 
forecast  technique  is  used  to  allow  advanced  schedul- 
ina  of  ocean  trade  vessels  into  the  svstem 


In  addition  to  tht  ice  forecast  study,  made 
speed  ically  for  the  winter  navigation  program. 
G  LE  R  L  has  developed  a  technique  to  make  long-range 
predictions  of  maximum  ice  extent  on  each  of  the 
Great  Lakes  GLERL  has  also  developed  aiechnique 
to  make  forecasts  of  ice  thickness  in  a  specific  river, 
bay.  or  harbor  location  on  the  G  reat  Lakes.  The  results 
of  these  and  other  ice  forecasting  studies  are  available 
in  National  Oceanic  and  At  (ospheric  Administration 
(NOAA)  technical  memorarda  and  journal  articles. 


79 


Ice  build-up  on  ship. 


Data  collection  fur  St.  Lawrence- East  cm  Ontario 
Commission  Shore  Structure  Study. 


National  Weather  Service 


normal  freeze-up,  water  temperatures,  sum¬ 
mary  of  NWS  30-day  weather  outlook. 

b.  Great  Lakes  Ice  Forecast.  Current 
weather  synopsis  and  ice  conditions  plus  24 
to  30  hour  forecast  of  winds,  temperatures, 
ice  coverages;  issued  daily  at  1600  EST. 

c.  Great  Lakes  Ice  Outlook.  Similar  to 
forecast  except  covers  3  to  5  day  periods; 
issued  daily  at  1030  EST. 

d.  Ice  Watch  Bulletin.  Issued  when 
necessary  to  alert  users  to  initial  ice  forma¬ 
tion  or  expected  worsening  of  conditions 
over  the  next  several  days  for  key  areas. 

e.  Ice  Warning  Bulletin.  Issued  when 
necessary  to  warn  of  rapid  (24-hour)  change 
in  conditions  having  a  significant  effect  on 
navigation  or  when  severe  conditionsare  pre¬ 
sent  but  not  known. 

f.  Break-up  Outlook.  Issued  in  early  March. 
Natural  vs.  icebreaker  assisted  opening  of 
navigation,  temperature  outlook,  winds,  ice 
deterioration,  weather  synopsis. 


Ice  forecasting :  The  Weather  Service  Forecast 
Office  (WSFO)  in  Ann  Arbor,  issues  ice  analyses, 
forecasts,  outlooks,  and  warnings  for  all  the  Lakes  and 
connecting  channels  above  the  Welland  Canal.  WSFO 
Buffalo  is  responsible  for  ice  forecasting  on  Lake  On¬ 
tario  and  the  upper  St.  Lawrence  River.  Buffalo  issues 
a  Freeze-up  Outlook  in  early  November  for  the  St. 
Lawrence  Riser  below  St.  Regis  Island.  Only  limited 
ice  forecasting  service  has  been  provided  for  Lake  On¬ 
tario. 

WSFO  Chicago  also  prepares  a  weather  synopsis 
for  the  Great  Lakes  and  two  hourly  storm  summary 
bulletins  when  conditions  warrant. 

Teletypewriter  messages  are  transmitted  on  the 
Great  Lakes  Marine  Weather  Circuit  for  broadcast  by 
Coast  Guard  and  commercial  facilities.  Ice  charts  are 
sent  to  the  Coast  Guard  ice  Navigation  Center  in 
Cleveland  via  telecopier  and  are  also  disseminated  to 
users  by  commercial  radio-fascimile 

The  following  products  issued  by  WSFO  Ann  Ar¬ 
bor.  cover  the  winter  operating  needs  for  pre-winter 
and  post-winier  planning,  foi  short  range  decision¬ 
making.  and  for  long  range  navigational  planning: 

Teletypewriter  Products  - 

a.  Freeze-up  Outlook.  Issued  the  1st  and 
ISth  of  November  and  thereafter  until 
general  ice  cover  stabilizes.  Departure  from 


Facsimile  Products  - 

a.  30-day  Ice  Outlook.  Issued  twice-month¬ 
ly  starting  early  November.  Portrays 
schematic  percentage  of  expected  ice  cover. 

b.  90-day  Ice  Outlook.  Issued  December  I. 
Same  information  as  above. 

c.  Ice  Anahsts.  Issued  three  times  a  week  in 
early  afternoon.  Extent  and  distribution  of 
ice  cover,  type,  thickness,  movement. 

d.  Wind  and  Temperature  Forecast.  24  and 
36  hour  charts  of  isotherms,  wind  speed  and 
direction,  highs,  lows  and  fronts,  valid  0703 
EST  and  1900  EST  the  following  day.  Issued 
daily  at  noon. 

A  NWS  forecaster  was  stationed,  during  the 
program,  at  the  Coast  Guard  Ice  Navigation  Center  in 
Cleveland  as  liaison  with  the  Ninth  District  HQ.  This 
individual  advises  the  Coast  Guard  on  weather  and  ice 
conditions  relative  to  ice  breaker  activities;  analyzes  ice 
data  acquired  from  ground,  satellite  and  Side  Looking 
Airborne  Radar  observations;  coordinates  daily  with 
ice  forecasters  at  WSFO  Ann  Arbor;  and  disseminates 
information  to  shipping  interests. 

A  major  component  of  the  National  Weather  Ser¬ 
vice  dissemination  system  for  marine  services  in  the 
Great  Lakes  is  the  Great  Lakes  Marine  Weather 
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I  eletypewriter  Circuit,  created  during  the  Demonstra¬ 
tion  Program  on  a  test  basis,  by  extending  and  con¬ 
solidating  several  smaller  pre-existing  systems.  1  his 
circuit  connects  all  WSFO's,  many  Weather  Service 
Offices,  the  Ice  Navigation  Center,  the  appropriate  of¬ 
fices  ol  Environmental  Canada,  the  Great  Lakes 
Marine  Radio-telephone  stations  and  private  sub¬ 
scribers.  Messages  are  exchanged  year-round  between 
the  circuit  and  the  Coast  Guard  Communications 


system  at  the  Ice  Navigation  Center. 

Weather  observations  transmitted  on  this  circuit 
include  (1)  ship  observations  gathered  by  commercial 
marine  radio  telephone  stations,  (2)  observations 
gathered  on  t,.c  Ninth  Coast  Guard  District  com¬ 
munications  system,  and  (3)  observations  from 
automatic  stations  interrogated  by  NWS  offices 
around  the  Lakes. 
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Const  Guard  Albatross  photographed  above  Straits  of 
Maektnttw  during  ite  reconnaissance  flight 

Corps  of  Engineers 

he  surveillance  Ice  surveillance  activities  on  the 
St  Marvs  River,  the  St  Clair-Detroit  Rivers  System, 
and  the  eastern  end  of  I  akc  I' rie.  were  conducted  dur¬ 
ing  the  Demonstration  Program  bv  the  Corps  ol 
I  ngmeers 


H  inter  Susigation  Reporting  Center  1  he  Detroit 
District,  Corps  ol  Fngmeers  operated  the  Winter 
Nav  i  gat  ion  Reporting  Center  for  the  last  three  years  of 
the  program  Daily  reports  were  compiled  containing 
the  following  information  weather  conditions  in  the 
(ireat  1  akes area. detailed  Sooarea  weather,  lockages 
at  the  Soo  1  ocks,  vessels  transiting  the  St  Marys  River 
Swum,  identilicnlion  ol  vessels  icquiring  Coast 


Guard  assistance;  ferry  operations  at  Drummond, 
Sugar  and  Lime  islands  in  the  St.  Marys  River  and 
Harsens  Island  in  the  St.  Clair  River;  Coast  Guard 
operations  on  the  Great  Lakes,  i.e.,  icebreaking 
assistance;  and  potential  flooding  problems  due  to 
winter  navigation  operations. 

This  information  provided  an  overview  of  ice  con* 
ditions  on  the  Great  Lakes  as  well  as  helping  to  spot 
and  prevent  or  alleviate  problems  with  ferry  transpor¬ 
tation,  flooding  due  to  ice  jams  and  vessel  movement. 

Ice  thickness  measurements:  Activities  on  the  St. 
Marys  River  included  ice  thickness  measurements 
throughout  the  winter  at  six  locations  between  the  Soo 
Locks  and  Lake  Nicolet.  These  sites,  used  for  ice 
measurements  since  1968,  provide  a  good  measure¬ 


ment  for  the  comparison  of  ice  seasons.  Observations 
were  forwarded  to  the  Ice  Navigation  Center  to 
provide  updated  information  on  ice  conditions  for 
both  the  Coast  Guard  and  for  commercial  vessels. 

Ice  thickness  measurements  were  taken  in  con¬ 
junction  with  ice  movement  measurements  at  sites 
between  Soo  Harbor  and  DeTour  Passage.  Marks 
were  placed  at  measured  distances  in  the  ice  and 
monitored  for  the  type  and  rate  of  lateral  displace¬ 
ment. 

Bi-weekly  ice  thickness  and  ice  characteristic 
measurements  were  taken  at  selected  sites  in  the  South 
Channel  of  the  lower  St.  Clair  River  to  study  ice 
growth  patterns.  Ice  movement  studies  were  also  con¬ 
ducted  using  dye  and  wood  targets  on  the  ice  jam  area 
to  determine  effects  of  ship  passage. 


Corps  of  Engineers  vessel  transits  ice  field. 


Time-lapse  photography:  Ice  formation  and 
movement  in  the  Soo  Harbor  were  monitored  by  a 
time-lapse  movie  camera  installed  in  the  300  foot  high 
Observation  Tower  that  overlooks  the  Soo  Harbor,  as 
well  as  in  a  Coast  Guard  tower  upstream  of  the  Sugar 
Island  ferry  crossing.  This  camera  provided  excellent 
coverage  of  ferry  crossings  at  Little  Rapids  Cut,  and 
documents  ice  conditions  occurring  the  years  before 
and  during  the  St.  Marys  River  navigation  ice  boom 
demonstration. 

This  film  record  was  valuable  in  determining  the 
amount  of  ice  that  bleeds  through  the  navigation  gap  in 
the  St.  Marys  River  ice  boom.  Also  observed  was  the 
effective  use  of  icebreakers  to  break  an  ice  jam  in  the 
Cut  that  was  a  threat  to  ferry  operations.  Cameras 
remained  in  operation  throughout  the  ice  season. 

A  similar  camera  installation  was  located  at 
DeTour,  Michigan  to  record  ice  conditions  across 
DeTour  Passage  at  the  Drummond  Island  ferry  cross¬ 
ing,  and  the  possible  effect  of  winter  navigation  on  the 
area  with  regard  to  the  ferry  crossing  site. 


The  Seaway  Corporation's  ice  breaking  tug ,  Robin- 


Vesst.  moves  up  track. 


Data  acquisition  and  surveillance  on  the  St.  Clair- 
Detroit  Rivers  System  were  also  conducted  during  the 
Demonstration  Program.  Time-lapse  photography 
was  utilized  to  document  ice  conditions,  particularly 
the  results  of  vessel  passage  through  the  ice  bridge  in 
Lake  Huron  at  the  head  of  the  St.  Clair  River. 

Aerial  photography:  Aerial  photography  was 
utilized  to  provide  documentation  of  ice  conditions  on 
the  St.  Marys  River  and  to  monitor  ice  conditions  in 
critical  areas  of  the  navigation  channel.  Regularly 
scheduled  flights  were  flown  in  support  of  Corps  of 
Engineer’s  ice  surveillance  activities  on  the  St.  Marys 
River.  The  project  has  proved  to  be  one  of  the  best 
means  for  documenting  ice  conditions,  ice  fractures, 
and  ice  problem  areas  over  the  entire  river  system. 

Aerial  photography  was  also  used  to  survey  and 
document  ice  conditions  in  critical  areas  throughout 
the  Great  Lakes-St.  Lawrence  Seaway  System.  Ice 
charts  of  ice  coverage  in  the  system  between  Lake 
Huron  and  Lake  Erie  were  prepared. 
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St.  Lawrence  Seaway  Development  Corporation 

Ice  surveillance  and  monitoring  of  St.  Lawrence 
River  The  St.  Lawrence  River  ice  and  weather  data 
collection  program  began  in  the  fall  of  1971  and  has 
continued  throughout  the  program.  It  has  comprised 
the  application  of  a  wide  range  of  available  techniques 
for  documentation  of  winter  conditions  as  well  as  the 
development  of  modified  techniques  to  address  special 
problems.  The  program  was  directed  toward  filling 
data  gaps  and  complementing  the  data  co'lection  ef¬ 
forts  of  other  agencies. 


Ice  coverage  was  documented  by  vertical  aerial 
photography  flown  on  approximately  one  week  inter¬ 
vals.  with  more  frequent  coverage  during  the  ice  for¬ 
mation  and  break-up  periods.  This  coverage  was 
supplemented  by  aerial  reconnaissance  and  oblique 
aerial  photography,  as  well  as  by  time-lapse 
photography  in  selected  locations. 

A  limited  program  of  ice  thickness  measurements 
was  undertaken  to  supplement  the  extensive  network 
of  ice  measurements  taken  each  winter  by  the  Cana¬ 
dian  St.  Lawrence  Seaway  Authority.  Radar  and 
manual  profiling  of  the  ice  in  the  Cardinal  to  Wad- 
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The  Edisto  is  shown  unbound  at  Sttear  Island  Ferry 
lane  at  Little  Rapids  Cut  during  1972  demonstration 

tests. 


dington  area  was  accomplished  to  document  the  hang¬ 
ing  dams  which  occur  in  that  reach  of  the  River. 

An  ice  marking  and  monitoring  study  was  per¬ 
formed  to  refine  techniques  for  monitoring  ice  move¬ 
ment.  These  were  utilized  in  the  Copeland  Cut  test 
boom  project  and  at  Ogden  Island. 

Recording  and  telemetering  thermographs  were 
installed  at  three  locations  to  provide  input  data  for 
navigation  season  closing  decisions  and  for  support  of 
ice  forecasting  activities.  Two  supplemental  automatic 
weather  stations  were  insulted  in  cooperation  with  the 
National  Oceanic  and  Atmospheric  Administration- 
Great  Lakes  Environment  Research  Laboratory 
(NOAA-GLERL)  to  provide  daU  on  the  climate  at  the 
river. 

A  shoreerosion/shorestructuredamage  monitor¬ 
ing  program  was  carried  out  for  the  final  four  years  of 
the  program.  The  U.S.  shoreline  was  mapped,  ana 
shoreline  and  structures  were  classified  in  terms  of  the 
potential  for  tee  impacts.  Selected  structures  and 
erosion-prone  areas  Were  monitored  photographically 
and  with  surveying  equipment  to  provide  baseline  data 
on  natural  ice  impacts. 


Safety/survival 


Survival  equipment  development  and  tests 

Attempts  to  assess  the  adequacy  of  shipboard  es¬ 
cape  and  survival  systems,  and  to  identify  areas  where 
improvements  are  needed,  were  initiated  by  the  Coast 
Guard  at  the  request  of  the  Winter  Navigation  Board. 


Initial  efforts  were  made  in  the  direction  Qf  a  - 
systematic  study  to  define  the  probjems  and  to  in¬ 
vestigate  the  effectiveness  of  various  solutions. 

The  primary  areas  of  survival  investigation  in¬ 
cluded  individual  exposure  protection,  group  ex¬ 
posure  protection,  distress,  alert  and  detection 
enhancement,  and  an  overboard  alarm  system.  ' 

Investigations  included  a  prototype  constant  ex¬ 
posure  jacket  (developed  by  the  Naval  Air  Develop¬ 
ment  Center),  an  enclosed  survival  module,  and  the 
determination  of  survival  times  in  cold  water  while 
wearing  typical  seaman's  winter  clothing. 

A  private  laborato^  was  contracted  by  the  Coast 
Guard  to  study  the  requirements  for  survival  on  the 
Great  Lakes  and  to  evaluate  the  application  of  survival 
suits  to  crew  survival. 

The  study  was  designed  to  produce  four  out¬ 
puts:  ( I )  the  environmental  conditions  which  must  be 
satisfied  in  the  design  of  any  survival  system  or  equip¬ 
ment;  (2)  the  functional  or  performance  requirements 
which  must  be  satisfied  by  such  survival  systems  and 
equipment;  (3)  test  plans  for  the  evaluation  of  survival 
systems  and  equipment;  and,  (4)  identify  areas  where 
inadequacies  exist  and  additional  development  and 
research  efforts  arc  needed. 

Through  the  use  of  simulation  and  computer 
models,  specific  requirements  were  established.  The 
problem  of  immersion  hypothermia  (lowered  body 
temperature)  to  Great  Lakes  casualty  victims  and  the 
lack  of  a  suitable  alternate  to  the  use  of  exposure  suits, 
led  to  the  investigation  of  thelife  saving  potential  of  ex¬ 
isting  and  specially  designed  personnel  exposure  suits. 

Survival  time  due  to  exposure  to  cold  was  deter¬ 
mined.  For  the  normal  range  of  temperatures  of  lake 


86 


The  Westwind  at  work  during  the  program. 


The  Ojibwa  Is  foreground  with  Mariposa. 


water  (32°  -  55°  F),  these  timi  are  quite  short.  In  32°  - 
33°  F  water,  the  expected  time  of  survival  without 
special  protection  in  water  is  from  1 5  to  45  minutes.  In 
40°  -  503F  water  the  range  is  from  one  to  three  hours. 
The  initial  shoci;  via  entry  often  incapacitates  many 
victims. 

In  the  study,  hazards  were  identified  and  solutions 
were  evaluated  including  the  evaluation  of  a  variety  of 
commercially  available  suits.  Two  suits  which  are  com¬ 
mercially  available  appeared  suitable  for  use  in  that 
they  provided  complete  coverage  for  the  body  and  ex¬ 
tremities,  leaving  only  the  face  exposed.  Some  280  ex¬ 
posure  suits  were  distributed  to  vessel  crews  par¬ 
ticipating  in  the  extended  season  activity. 

Information  describing  the  latest  techniques  for 
cold  water  survival  has  heen  published  and  distributed 
to  crew  members  of  vessels  engaged  in  winter  naviga¬ 
tion. 

Detection  tests 

Activities  in  detection  enhancement  included  an 
exercise  in  which  Coast  Guard  personnel  were  set 
adrift  on  a  raft  in  Lake  Huron,  This  demonstration 
successfully  utilized  radar  transponders  and  other 
equipment.  Emergency  Position  Indicating  Radio 
Beacons  (EPIRB’s)  were  also  extensively  tested. 

A  "Man  Overboard  Detection  and  Location 
System'  was  undertaken  by  the  Coast  Guard.  A 
feasibility  study  indicated  that  there  were  several 


systems  that  could  be  initiated.  The  system  that 
appeared  to  function  best  was  developed  into  a 
prototype.  Under  the  system  evaluated,  each  person  on 
a  vessel  would  wear  a  radio  transmitter  with  a  self- 
contained  antenna  which  would  begin  to  operate 
automatically  by  means  of  a  water  activated  switch 
whenever  the  wearer  entered  the  water.  A  special 
receiver  on  the  bridge  of  the  vessel  would  sound  an 
alarm  when  the  signal  was  received.  The  transmitter 
signal  then  could  be  used  as  a  homing  device  to  locate 
the  person  in  the  water. 

Safety / survival  equipment  wintertime  training 

T  raining  in  the  use  of  safety  /  survival  equipment  is 
the  continuing  responsibility  of  the  vessel  owner  and 
the  master. 

The  Maritime  Administration's  Great  Lakes 
Region  Office,  requested  to  assess  these  training  needs, 
communicat’d  with  major  lakcship  operators,  seafar¬ 
ing  unions,  pilots'  associations,  mining  companies, 
Great  Lakes  shipping  associates  and  other  Federal 
agencies.  These  groups  were  asked  to  provide  com¬ 
ments  and  recommendations  relevant  to  a  viable 
assessment  of  pilot/ masters  training  needs.  The 
questions  that  were  posed  to  survey  recipients  were 
direct,  simply  presented  and  to  the  point.  They 
were:  Is  this  training  essential  and  valuable1  When 
should  we  undertake  an  administrative  program?  Who 
should  participate  in  this  training  phase?  Would  you 
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Soo  Locks. 


support  this  program?  How  should  these  classes  be 
funded?  What  do  you  consider  an  adequate  training 
period? 

Response  to  the  survey  indicated  a  consensus  in 
favor  of  a  continuation  of 'on  thejob'  training  in  order 
for  operators  to  provide  qualified  and  competent 
masters  and  pilots  to  man  vessels  during  the  extended 
navigation  season. 

Communication  tests 

The  high  level  VHF-FM  communications  system 
has  been  developed  and  is  in  current  use  by  the  Coast 
Guard  throughout  the  Great  Lakes. 


Levels  and  flows 


St.  Marys  River 

A  series  of  water  level  gauges  were  installed 
between  Soo  Harbor  at  Sault  Ste.  Marie,  Michigan 
and  Ontario  and  the  lower  end  of  West  Neebish 
Channel  and  were  monitored  by  telephone  or  visual  in¬ 
spections  each  day  and  subsequently  plotted  to  form  a 
hydrograph.  I  he  purpose  ol  this  activity  was  to  aid  in 
the  early  detection  of  ice  jams  as  well  as  to  study  the 
effects  of  wind  and  or  ship  passage  on  lower  levels. 
Because  ice  jam  blockage  can  be  monitored  as  up- 
stieam  levels  rise,  the  opportunity  develops  to  provide 
flood  alerts  or  break  up  the  ice  jam 


A  study  was  undertaken  on  the  St.  Marys  River  to 
help  stabilize  the  tee  cover  in  Soo  Harbor  and  to  reduce 
the  volume  ol  ice  that  entered  the  Little  Rapids  Cut.  A 
hydraulic  scale  model  of  the  harbor  and  upper 
channels  around  Sugar  Island  was  designed  and  con¬ 
structed  to  duplicate  existing  flow  patterns  and  ice  con¬ 
ditions. 

Baseline  data  utilized  aerial  photos,  time-lapse 
photos,  ice  thickness  measurements,  water  level 
hydrographs  and  meteorological  data.  Flow  pattern 
studies  and  other  hydrological  data  were  collected  as 
needed  to  aid  in  the  model  calibration.  The  model  was 
utilized  in  testing  various  ice  boom  arrangements  and 
other  ice  stabilizing  concepts  that  would  permit  ship 
movement  and  still  allow  for  stable  harbor  ice. 

Flow  discharge  measurements  were  taken  in  the 
St.  Marys  River  in  two  channels  around  Sugar  Island 
to  detect  the  effect  of  ice  jams  on  flow  distribution,  and 
an  operational  plan  to  reduce  flood  risk  was  developed 
and  issued  to  all  participating  agencies. 

T wo  ice  booms  with  a  250  foot  navigation  opening 
between  them  were  installed  at  the  outlet  ofthehaibor 
to  stabilize  the  ice  flow  in  the  harbur  during  the  winter 
of  1975-76. 1  he  location  and  lengths  of  the  booms  had 
been  determined  previously  by  the  model  tests  describ¬ 
ed  above.  corces  in  the  upstream  end  of  the  ice  boom 
structure  were  monitored  throughout  the  winter  by  six- 
underwater  sensors,  three  in  each  boom.  Forces  were 
recorded  and  supplemental  data  on  ship  passages,  ice 
conditions,  meteorological  conditions,  water  flow  and 
water  levels  were  also  taken. 

The  booms  proved  to  be  highly  effective  in  retain¬ 
ing  broken  ice  in  the  harbor  while  allowing  ships  to 
transit.  I  he  booms  on  both  sides  stabilized  the  ice  field 
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and  prevented  it  from  drifting  and  jamming  into  the 
Little  Rapids  Cut. 

Occasionally,  the  ice  sheet  between  the  navigation 
channel  and  the  U.S  shoreline  would  break  away  and 
pivot  or  override  the  west  boom,  causing  high  stress  in 
the  boom  cable.  Strain  gauges  attached  to  the  cable 
monitored  the  stress,  which  was  reported  on  a  strip 
chart  recorder  located  in  a  heated  shelter  near  the 
boom  installation.  On-site  observers  helped  differen¬ 
tiate  between  natural  and  ship-induced  effects. 

Temporary  rock-filled  structures,  which  were  in¬ 
stalled  upstream  of  the  west  boom  to  prevent  the  ice 
sheet  from  pivoting  away  from  the  shoreline  and 
loading  the  west  boom  were  quite  effective. 

The  value  of  ice  booms  and  rock  filled  structures 
has  been  demonstrated:  since  these  structures  were  in¬ 
stalled,  there  have  been  no  major  disruptions  to  ferry 
service  due  to  ice  backup  as  previously  experienced. 

field  investigations  and  photography  were  effec¬ 
tive  in  determining  and  documenting  data  on  move¬ 
ment  of  ice.  Additionally,  they  were  used  to  distinguish 
between  ice  movement  related  to  ship  transits  as  op¬ 
posed  to  ice  movement  caused  by  natural  conditions. 
Field  data  such  as  ice  thickness  measurements,  and 
meteorological  data  were  provided  to  the  Ice  Naviga¬ 
tion  Center  for  their  forecasting  use. 

.'il.  Clair- Detroit  Rivers  System 

As  part  of  the  Detroit  District  Corps  ol  Hngmeers 
ongoing  activities  a  data  collection  program  was 
operated  in  this  system  to  observe  and  document  ice 
and  water  level  conditions  during  each  year  of  the 
Demonstration  Program. 


Water  levels  were  monitored  at  strategic  locations 
along  both  the  St.  Clair  and  Detroit  Rivers.  Levels 
were  plotted  at  three  hour  intervals  along  with  perti¬ 
nent  wind,  ice,  temperature,  and  ship-related  data  to 
better  interpret  the  effects  of  water  level  change.  Water 
levels  at  key  gauge  locations  were  also  monitored 
several  times  each  day  via  telephone-reporting  gauges 
and  plotted  for  early  detection  of  ice  jams. 

When  ice  jams  were  detected  (by  observing  the  rise 
in  upstream  levels  and  the  lowering  of  levels 
downstream  of  the  jam),  the  National  Weather  Service 
and  the  U.S.  Coast  Guard  were  notified  of  potential 
flood  conditions. 

A  plan  of  action  was  developed  for  each  river  that 
involved  the  close  monitoring  of  levels  and  ice  con¬ 
ditions  via  aerial  and  ground  observations.  More 
serious  jams  required  icebreaker  passage  through  the 
jam  area  in  an  attempt  to  break  up  the  ice  constriction 

Weekly  aerial  photographs  were  taken  of  the  St. 
Clair-Dctroit  Rivers  System  todocument  the  changing 
ice  conditions  and  patterns  in  order  to  better  interpret 
the  effect  of  ice  on  levels,  flows,  and  restrictions  to 
winter  navigation. 

A  time-lapse  movie  camera  was  installed  each 
winter  in  the  Fort  Gratiot  Lighthouse  to  document  the 
v  olumc  of  broken  ice  that  enters  the  St.  Clair  River.  In 
addition,  it  recorded  the  periodic  formation,  breakup, 
and  eflect  of  ship  passage  through  the  ice  arch  (bridge) 
that  forms  across  the  river  entrance. 

Natural  wind  action  and  vessel  movement  at  the 
head  of  the  St  Clair  River  has  disrupted  the  stable  ice 
bridge  which  lorins  above  the  entrance  to  the  river.  A 
two  part  model  study  is  being  performed  to  determine 
the  most  effective  type  and  location  of  an  ice  control 
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Location  of  ice  booms,  Ogdensburg-Prescott  area  of  St.  Lawrence  River. 


structure  to  be  placed  in  that  location  in  order  to 
stabilize  the  ice  cover. 

The  model  study  includes  a  hydraulic  study  and  a 
wind  stress  study.  The  models  have  been  designed, 
built,  and  calibrated  based  on  actual  field  data 
collected  in  the  area.  The  model  study  is  scheduled  to 
be  completed  in  the  latter  part  of  1979. 

A  contingency  plan  was  developed  for  each  river 
involving  close  observation  of  changing  levels  and  ex¬ 
isting  ice  conditions  Close  liason  was  maintained  with 
the  Coast  Guard  and  National  Weather  Service  to 
analyze  imminent  problems  and  decide  upon  the  best 
course  of  action  to  reduce  any  flood  threats. 

St.  Lawrence  River 

Substantial  improvements  in  the  existing  ice  con¬ 
trol  systems  in  the  St.  Lawrence  River  will  be  required 
before  any  significant  extension  of  the  navigation 
season  is  possible  Required  Canadian  improvements 
are  being  addressed  by  the  St.  Lawrence  Seaway 
Authority  of  Canada.  In  the  International  portion  of 
the  river,  the  major  required  improvements  are  in  the 
International  Rapids  Section,  between  Ogdensburg 
and  Waddington,  New  York. 

Initial  efforts  by  the  St.  Lawrence  Seaway 
Development  Corporation's  (SLSDC)  program  in  the 
first  two  years  of  the  program  were  directed  at  install¬ 
ing  and  testing  a  movable  gate  in  the  Ogdensburg- 
Prescott  ice  boom,  which  crosses  the  navigation 


channel.  Concerns  of  the  power  entities  precluded 
anything  but  open  water  testing  of  this  modification. 

At  the  same  time,  SLSDC  contracted  for  a 
systems  analysis  of  St.  Lawrence  River  season  exten¬ 
sion.  This  study,  entitled  System  Plan  for  All-Year 
Navigation  (SPAN)  identified  constraints  to  extended 
season  navigation  between  Montreal  and  Lake  On¬ 
tario  and  proposed  three  levels  of  alternatives  for 
removing  those  constraints,  in  1 5  weekly  increments, 
to  permit  navigation. 

It  also  provided  a  benefit/cost  analysis  for  each  of 
the  45  alternatives  examined.  The  study  addressed  the 
need,  in  addition  to  ice  control  improvements,  for  a 
precise  all-weather  navigation  system,  for  vessel 
capability  criteria,  for  icebreaking  and  special  channel 
clearing  devices,  and  for  improvements  at  the  locks. 
SPAN  provided  the  basis  for  focusing  subsequent 
demonstration  activities. 

Following  these  efforts,  a  demonstration  ice 
boom  for  extended  season  navigation  was  designed  for 
the  Ogden  Island  area.  As  a  result  of  input  from  other 
agencies,  the  decision  was  made  to  transfer  the  test  to 
the  Copeland  Cut  area  of  Lake  St.  Lawrence  on  the 
Wiley-Dondero  Canal  just  above  Massena,  New  York, 
(his  study,  completed  in  1975,  demonstrated  the 
technical  feasibility  of  maintaining  a  stable  ice  cover 
behind  a  boom  while  navigating  through  it. 

The  focus  then  shifted  back  to  a  demonstration  of 
the  feasibility  of  commercial  navigation  through  the 
booms,  which  the  power  entities  install  across  the 
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Skeich  of  ice  boom  in  position. 


Sketch  shows  ice  boom  construction. 


navigation  channel  at  Ogdensburg-Prescott  and  Galop 
Island.  This  was  accomplished  in  a  phased 
hydraulic/ice  model/design  effort  which  first 
calibrated  the  technique  for  modeling  ice  boom  loads 
in  undistorted  and  distorted  scale  models  of  the 
Copeland  Cut  test  boom.  The  next  study  was  done  on 
the  Stillwells  Point  to  Red  Mills,  New  York,  reach  of 
the  river,  in  which  the  power  entity  booms  are  in¬ 
stalled.  The  study  report  entitled  the  1978  "St. 
Lawrence  River  Ice  Boom  Modification  Study,' 
presented  the  results  of  improving  the  existing  ice 
booms  in  the  International  portion  of  the  St.  Lawrence 
River  to  provide  for  extended  season  navigation.  The 
study  objective  was  to  assess  the  impact  of  ships 
navigating  through  the  river  in  the  winter  on  the 
regulation  of  Lake  Ontario  outflows  and  the  environ¬ 
ment  along  the  river.  The  study  concluded  that  the 
Ogdensburg-Prescott  and  Main  Galop  Booms  can  be 
modified  to  permit  winter  ship  transits,  that  they  will 
maintain  the  stability  of  the  ice  cover  behind  these 
booms,  and  that  they  will  have  negligible  impact  on  t  he 
levels  and  flows  of  the  St.  Lawrence  River,  l-ake  On¬ 
tario,  and  power  production  at  the  Moses-Saunders 
power  dam.  This  effort  resulted  in  designs  for  a 
proposed  ice  boom  demonstration  and  in  designs  for 
an  ice  control  system  which  would  allow  alt-year 
navigation  in  this  reach  of  the  river. 

The  actual  demonstration,  involving  a  modifica¬ 
tion  of  Galop  and  Ogdensburg-Prescoii  ice  booms  to 
provide  an  opening  through  which  limited  vessel  tran¬ 
sits  could  take  place,  did  not  occur.  This  was  due  to 


strong  environmental  objections  by  the  State  of  New 
York  and  limited  time  constraints  of  the  Demonstra¬ 
tion  Program  authorization.  Additional  controversy 
arose  as  to  the  projected  effects  of  such  a  test  on  the 
levels  of  Lake  Ontarioand  flows  associated  with  the  St. 
Lawrence  River.  Theoretical  mathematical  studies 
were  performed  by  the  Corps  of  Engineers,  the  New 
York  Department  of  Environmental  Conservation  and 
the  St.  Lawrence  Seaway  Development  Corporation. 
These  three  studies  yielded  varying  results. 

An  additional  study  was  then  undertaken  by  the 
Corps  of  Engineers  to:  ( I )  describe  in  detail  each  of  the 
previous  methods  analyzed  to  compute  impacts;  and 
(2)  establish  and  coordinate  a  set  of  criteria  and 
parameters  for  the  test  and  compute,  using  those 
criteria,  a  best  estimate  of  the  expected  impacts  on 
levels  and  flows. 

Based  on  the  results  of  the  study,  it  was  concluded 
that  the  St.  Lawrence  River  ice  boom  demonstration 
would  have  no  impact  on  the  water  levels  of  Lake  On¬ 
tario,  no  impacts  on  the  flows  of  the  St.  Lawrence 
River,  and  would  not  reduce  the  average  water  level  of 
Lake  St.  Lawrence  by  more  than  approximately  one- 
half  foot.  It  wa  •  also  concluded  that  these  results  were 
conservative  because  of  the  data  (excessive  ice  release 
volume  per  ship  passage)  used  in  the  analysis. 

I  he  State  of  New  York  maintained  its  position 
that  any  impacts  occurring  were  unacceptable,  and 
claimed  that  the  state-of-the-art  of  mathematical 
models  was  not  developed  to  an  extent  that  accurate 
predictions  could  be  made. 


91 


Navigation  locks 


Methods  to  remove  ice  from  lock  walk 

Removal  of  the  ice  collar,  a  buildup  of  ice  on  the 
lock  walls  caused  by  frequent  lowering  and  raising  of 
the  lock  water  levels,  has  been  approached  in  two 
ways:  (1)  mechanically  cutting  the  ice  collar  c.  (2) 
chemically  coating  the  lock  walls  to  reduce  the  ice 
adhesion  force  so  that  removal  can  he  facilitated. 

An  ice-cutting  saw  has  been  developed  and  is  now 
operational.  The  unit  consists  of  a  IS  foot  bar  and 
chain  cutter  similar  to  that  used  in  the  coal  industry. 
The  cutter  is  mounted  on  and  driven  oy  a  four  wheel 
drive  tractor.  Traverse  speeds  of  over  10  feet  per 
minute  can  be  steadily  maintained  while  cutting 
through  ice  collars  2  feet  in  width  and  6  to  8  feet  deep. 
The  ice  cutting  saw  was  used  at  the  Poe  Lock  at  Sault 
Ste.  Marie,  Michigan,  during  the  winter  navigation 


Tests  to  prevent  ice  build-up  on  lock  walls 

The  chemical  coating  to  reduce  ice  adhesion 
forces  is  a  copolymer  compound  consisting  of  polycar¬ 
bonate  and  polysiloxane.  The  copolymer  can  be 
sprayed  onto  a  clean  surface,  leaving  a  thin,  clear, 
pliable  film.  Trial  tests  during  the  1976-77  winter 
season  were  very  promising,  in  that  the  time  and  effort 
required  for  ice  collar  removal  using  both  mechanical 
means  and  steam  was  reduced. 

An  epoxy  resin  undcrcoating  was  used  before 
applying  the  copolymer.  Presently,  the  entire  Poe 
Lock,  from  high  pool  level  to  10  feet  below  has  been 
coated  with  the  epoxy  undercoat. 

Other  methods  that  have  been  tested  to  remove 
the  ice  collar  from  lock  walls  included  a  scraper  blade 
mounted  on  the  bow  of  a  Corps  of  Engineers’  tug, 
removal  using  a  tractor  mounted  backhoe  unit,  a  flexi¬ 
ble  lock  wall  panel,  high  pressure  water  jets,  and  the 
use  of  steam. 

Of  various  methods  tested  to  remove  the  ice  collar 
from  lock  walls,  the  use  of  steamlines  and  hoses  has 
proved  to  be  most  effective.  This  technique  was  par 
ticularly  effective  in  conjunction  with  use  of  lock  wall 
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Backhoe  scrapes  ice  ojj  lock  walls. 
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Strain  gauge  attached  to  ice  boom  anchor. 
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CRREL's  laboratory  pile  tests  with  jresh  ice  cover 


coating  chemicals.  While  the  chemical  coating  did  not 
prevent  ice  from  forming  on  the  walls,  it  did  redjice 
removal  time  and  decrease  effort  when  used  with  other 
methods  of  ice  removal. 

Tests  to  prevent  ice  from  entering  lock  chamber 

Experiments  to  retard  ice  formation  behind  lock 
gate  reoesses  involved  heat  cables  and  air-bubbler 
lines.  The  air-bubbler  system  was  utilized  also  to  flush 
ice  from  behind  lock  gatesand  to  reduce  ice  buildup  on 
approach  walls.  A  bubbler  line  was  also  tested  across 
the  upstream  approach  to  the  lock.  The  line  produced  a 
flow  pattern  which  pushed  loose  ice  aside,  allowing 
ships  to  pass  through  the  lock  chamber  without 
pushing  large  quantities  of  ice  ahead  of  them  into  the 
lock.  Such  a  system  was  installed  at  Snell  Lock  in  1975, 
at  Cote  St.  Catherine  locks  in  1976  and  above  the  Poe 
Lock  at  Sault  Ste.  Marie.  Michigan  in  1977. 

Lock  operating  personnel,  well  satisfied  with  the 
operation  of  the  high  flow  air  stream,  noted  these 
benefits:  ease  of  gate  operations  with  less  time  loss  in 
opening  and  closing  of  gates;  less  delay  in  ship  lockage; 
and  less  time  and  effort  required  removing  ice  buildup 
from  lock  walls. 

Heating  cables  have  been  effectively  used  in  lock 
gate  machinery  recesses  to  prevent  ice  buildup.  Air- 
bubbler  lines  along  the  lock  floor  chamber  have  been 
effective  in  retarding  ice  formation  and  also  for 
flushing  ice  from  the  lock  gate  recesses. 


The  environment 


The  concurrent  conduct  of  a  Demonstration 
Program  and  a  Survey  Study  resulted  in  confusion 
from  an  environmental  point  of  view  because  of  the 
radically  different  perception  of  the  potential  en¬ 
vironmental  effects  of  a  short -duration  demonstration 
activity  and  of  a  long-duration  operational  program. 
While  the  demonstration  program,  by  its  nature,  could 
not  resolve  or  settle  all  of  the  potential  environmental 
problems,  it  did  surface  a  diverse  array  which  must  be 
addressed  in  future  years. 


Steel  am  lion  being  fabrnalcd  jot  ire  boom  gates 
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Environmental  Evaluation  Work  Group  activities 

The  U.S.  Environmental  Protection  Agency  was 
the  lead  agency  and  Chairman  of  the  Environmental 
Evaluation  Work  Group.  Other  agencies  represented 
included  the  U.S.  Army  Corps  of  Engineers,  U.S. 
Coast  Guard,  U.S.  Fish  and  Wildlife  Service,  National 
Oceanic  and  Atmospheric  Administration,  Maritime 
Administration,  and  St.  Lawrence  Seaway  Develop¬ 
ment  Corporation.  The  work  group  also  included  state 
representatives  from  the  eight  Great  Lakes  states,  an 
observer  from  the  Canada  Centre  for  Inland  Waters, 
and  the  Midwest  Representative  of  the  Sierra  Club. 

Work  group  activities  centered  primarily  upon  the 
evaluation  of  environmental  effects  of  specific 
demonstration  projects  that  involved  physical  contact 
or  interaction  with  the  environment. 

The  environmental  effects  of  these  types  of  pro¬ 
jects  were  first  assessed  by  the  individual  work  groups 
responsible  for  each  project.  Supervision  and  guidance 
on  the  uata  needs,  methods  of  evaluation,  and  prepara¬ 
tion  of  the  environmental  assessments  were  then 
provided  to  the  Environmental  Evaluation  Work 
Group.  Evaluations  of  each  project  were  subsequently 
made  by  the  agencies  represented  on  the  Environmen¬ 
tal  Evalu.  ’ion  Work  Group. 

Some  of  the  information  submitted  by  the  par¬ 
ticipating  agencies,  while  not  specifically  related  to  a 
particular  demonstration  project  area,  applied  to  en¬ 
vironmental  considerations  for  the  navigation  season 
extension  over  the  entire  Great  Lakes-St.  Lawrence 
Seaway  System. 

Evaluations  were  made  according  to  the  agency’s 
area  of  expertise.  In  addition,  both  the  Heritage  Con¬ 
servation  and  Recreation  Service  and  the  U.S.  Fish 
and  Wildlife  Service  accumulated  a  limited  amount  of 
baseline  data  covering  the  Great  Lakes  concerning 
their  respective  areas  of  expertise.  These  studies  in¬ 
cluded  gathering  information  on  the  location  of 
wildlife  habitats,  waterfowl  feeding  and  nesting  areas, 
and  areas  of  fishing  activities  on  the  Great  Lakes. 

A  significant  part  of  the  Demonstration  Program 
involved  activities  such  as  ice  surveillance  and  basic 
data  collection  in  which  no  physical  interaction  with 
the  environment  occurred  and  as  such  required  no 
special  environmental  studies. 

Activities  evaluated  included  the  bubbler-flusher 
system  at  the  mainland  dock  of  the  Sugar  Island  ferry 
crossing,  the  Lime  Island  Turn  air  bubbler  system  in 
the  St.  Marys  River,  the  Duluth-Superior  Harbor  air 
bubbler  system  installed  near  the  entrance  of  Superior 


Harbor,  the  Howards  Bay  ( Duluth-Superior  Harbor) 
air  bubbler  system,  the  ice  boom  gate  installed  in  the 
Ogdensburg-Prescott  ice  boom,  and  the  Copeland  Cut 
test  ice  boom.  In  addition,  a  thermal  ice  suppression 
test  was  conducted  in  Saginaw  Bay  in  Lake  Huron  and 
an  ice  navigation  boom  in  the  St.  Marys  River  was 
tested. 

An  environmental  assessment  for  the  St. 
Lawrence  River  Demonstration  activities  was 
prepared,  and  a  monitoring  program  to  define  the  en¬ 
vironmental  effects  of  the  Demonstration  activities 
was  developed. 

There  were  potential  problems  with  rpspect  to 
bubbler  systems,  effects  on  shore  structures,  shore  ero¬ 
sion,  and  creation  of  waves  under  ice.  Results  of 
studies  to  date  indicate  that  winter  vessel  movement  in 
certain  channels  and  narrow  passages  have  caused  an 
increased  rate  of  shore  structure  damage,  but  are 
believed  to  have  a  minimal  effect  on  shoreline  erosion. 
Large  vessels,  passing  at  maximum  allowable  speeds, 
create  drawdown  conditions  which  break  the  ice- 
cover,  and  the  resultant  ice  action  creates  damages. 

In  accordance  with  the  National  Environmental 
Policy  Act  of  1969,  an  Environmental  Impact  State¬ 
ment  on  demonstration  activities  was  filed  with  the 
Council  on  Environmental  Quality  forevery  fiscal  year 
from  FY  74  through  FY  79.  These  statements, 
prepared  by  the  U.S.  Army  Corps  of  Engineers,  were 
filed  prior  to  the  start  of  each  season  and  provided  the 
basis  for  comparison  of  the  anticipated  and  actual  im¬ 
pacts  of  each  activity. 

In  addition  to  these  statements,  the  U.S.  Coast 
Guard  prepared  an  Environmental  Impact  Statement 
on  its  on-going  icebreaking  activities  related  to  its 
statutory  responsibilities. 

Special  studies  conducted  by  the  Environmental 
Evaluation  Work  Group  included  a  study  of  the  effects 
of  winter  navigation  on  outdoor  recreation  on  the  St. 
Marys  River,  a  long-line  air  bubbler  fish  study, 
pressure  wave  measurements,  and  a  study  of  tur¬ 
bulence  effects  on  shallow  water  sediments  and 
organisms,  macrobenthos  study  on  the  St.  Clair  River,, 
and  preliminary  evaluation  of  demonstration  activities 
on  the  St,  Lawrence  River. 

Environmental  Impact  Statements 

Environmental  Impact  Statements  for  individual 
activities  have  been  prepared  during  each  year  of  the 
Demonstration  Program.  The  yearly  reports  identify 
the  participants  in  the  tests,  describe  the  demonstra- 
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Ice  in  Lake  Superior. 


tion  activity,  the  environmental  setting  without  the 
project,  and  the  environmental  impact  of  the  activity. 
Included  are  remedial,  protective,  and  suggested 
mitigating  measures. 

Applicable  environmental  data  obtained  during 
the  Demonstration  Program  is  being  used  for  prepara¬ 
tion  of  an  Environmental  Statement  which  will  accom¬ 
pany  the  Winter  Navigation  Survey  Report. 

Environmental  data  collection  during  air  bubbler 
operation 

An  environmental  study  was  conducted  to  deter¬ 
mine  the  effects  of  a  harbor  air  bubbler  system  on  the 
water  quality  of  Howards  Bay  in  Duluth-Superior 
Harbor durmgthewintersof !973-74and  1974-75.  The 


areas  of  study  involved  water  temperature,  conductivi¬ 
ty.  water  samples  for  chemical  analysis  and  oxygen 
content,  and  the  effect  of  ambient  temperature.  No 
adverse  effects  were  identified  during  the  demonstra¬ 
tion  period. 

Monitored  fish  movement  at  proposed  atr-bubbier 
lot  at  ion 

I  he  Environmental  Evaluation  Work  Gt  up, 
through  the  U  S.  Fish  and  Wildlife  Service,  negotiated 
a  contract  with  the  Lake  Superior  State  College,  S3Ult 
Stc  Marie.  Michigan,  to  study  fish  movement  in  a 
shipping  channel  in  the  St  Marys  River.  Inaddu.ontc 
gaming  fish  movement  information,  the  studs  was  to 
provide  inlormation  on  species  composition  ind  the 


relative  abundance  of  economically  important  fish  ii. 
the  St.  Marys  River.  The  study  was  to  collect  fish 
movement  data  throughout  most  of  the  1974-75  winter 
season. 

The  study  area  was  located  in  the  West  Neebish 
Channel  above  the  Rock  Cut,  some  21  miles  south  of 
Sault  Ste.  Marie  in  the  downbound  navigational 
channel  of  the  St.  Marys  River  near  Barbeau, 
Michigan.  This  area  was  selected  principally  because  it 
is  traditionally  closed  to  navigation  after  1 5  December. 

That  winter  happened  to  be  one  of  the  mildest 
since  the  beginning  of  the  Demonstration  Program 
and,  as  a  consequence,  the  entire  study  had  to  be  com¬ 
pleted  within  12  days  in  March. 

Two  model  1 15  Vexilar  Sonagraphs  were  placed 
in  a  specially  constructed  ice  shanty  to  record  fish 
movements  from  5  March  through  16  March  1975.  A 
timer  was  constructed  to  run  the  instruments  for  six 
minute  periods  alternating  with  12  minutes  of  inactivi¬ 
ty.  The  recording  paper  was  changed  at  least  once  a 
day,  usually  about  1700  hours.  Three  records  were 
made  with  a  transducer  pointed  straight  down  to  deter¬ 
mine  swimming  depth  of  the  fish.  For  the  remainder  of 
the  study  the  transducers  were  angled  downwards,  one 
to  the  north,  the  other  to  the  east. 

Attempts  were  made  to  identify  fish  with  the  use 
of  gill  nets  in  November  1974  and  March  1975  but 
these  proved  ineffectual. 

The  monitoring  of  fish  movement  at  a  site  in  the 
St.  Marys  River  was  limited  in  scope  because  the  effec¬ 
tive  range  of  sonar  devices  employed  was  small  and 
because  climatic  conditions  did  not  permit  time  to 
monitor  the  movement  patterns  of  fish  at  other 
locations.  The  study  did  result  in  the  collection  of 
viable  data,  however,  regarding  fish  activity  near  a 
navigation  channel  during  the  winter  season. 

Environmental datacollection  at  Saginaw  Bay  thermal 
ice  suppression  test. 

An  environmental  evaluation  stud  '  of  the  thermal 
ice  suppression  demonstration  project  ,n  Saginaw  Bay 
was  requested  by  the  Environmental  Evaluation  Work 
Group 

The  Great  Lakes  Fishery  Laboratory  of  the  U.S. 
Fish  and  Wildlife  Service  contracted  to  conduct  the 
evaluation  The  study  period  began  in  1972  and  ran  to 
1976.  Its  primary  objective  was  to  collect  appropriate 
biological  data  in  order  to  evaluate  the  effects  of  the 
thermal  release  on  seasonal  abundance  and  species 
composition  of  fish  and  benthic  organisms  in  the  area 
that  would  be  influenced  by  the  project.  Benthic 


Air-water  thermograph  In  the  St.  Marys  River. 


macro-invcrtebrates  were  selected  because  of  their  im¬ 
portance  to  the  fishery,  their  relatively  low  mobility 
and  stable  community  structure,  and  their  high  sen¬ 
sitivity  to  environmental  changes. 

Emphasis  was  placed  on  yellow  perch  because  of 
the  high  fishery  value  of  this  species  in  Saginaw  Bay 
and  because  a  previous  EPA  study  suggested  that  ex¬ 
posure  of  adult  perch  to  e'evated  winter  water 
temperatures  could  adversely  affect  their  production 
of  eggs  and  fry.  Benthic  invertebrates  were  sampled 
during  ice-free  periods  before  and  after  thedemonstra- 
lion  of  the  thermal  ice  suppressor.  Fish  were  sampled 
before,  during  and  after  the  release  of  heated  water. 

A  sample  of  1 8  species  of  benthos  was  taken  in  the 
study  area,  consisting  primarily  of  oligochaetes  and 
chironomids.  These  were  the  only  two  that  could  be 
treated  statistically.  A  total  of  27  speices  of  fish  was 
collected  during  the  course  of  the  study.  Yellow  perch 
was  one  of  the  most  abundant  species  collected.  Dif¬ 
ficulties  were  experienced  in  collecting  sound 


biological  data  due  to  a  reduction  of  the  length  of  the 
test  system,  and  due  to  unfavorable  weather  and  lake 
conditions.  This  resulted  in  the  abandonment  of 
numerous  sampling  stations  and  the  establishment  of 
new  locations  throughout  the  study.  Only  a  few 
stations,  therefore,  survived  the  entire  study  period. 

From  usable  data  collected  by  the  Fish,  and 
Wildlife  Service  during  the  Saginaw  Bay  thermal  ice 
suppression  test,  the  density  of  some  food  chain 
organisms  (chironomids)  was  found  to  differ 
significantly  between  years.  But  within  any  given  year 
the  densities  in  areas  receiving  heated  water  did  not 
differ  markedly  from  those  located  in  the  unheated 
control  areas. 

An  interesting  observation  was  made  with  regard 
to  the  density  of  chironomids  between  the  shipping 
channel  and  the  bay  floor  areas.  The  density  of 
organisms  was  found  to  be  significantly  more  abun¬ 
dant  on  the  shipping  channel  floor.  One  reason  for  this 
may  be  that  the  bottom  substrate  of  the  shipping 
channel  has  a  higher  organic  content,  which  has  been 
carried  in  by  the  polluted  waters  of  the  Saginaw  River, 
than  that  of  the  bay  floor  substrate,  which  is  more  san¬ 
dy. 

Overall,  statistical  evidence  did  not  show  changes 
in  species  composition  and  abundance  of  fish  in  the 
study  area.  The  study,  however,  was  of  short  duration. 
Operational  changes  also  were  made  in  the  test,  and  the 
study  area  probably  was  influenced  by  the  polluted 
waters  of  Saginaw  River,  which  may  have 
overshadowed  any  subtle  effect  on  fish  that  could  be 
attributed  to  the  release  of  heated  water  from  the  ice 
suppressor.  In  summary,  the  effects  found,  while 
measurable  and  statistically  significant,  cannot  be 
labeled  as  either  beneficial  or  adverse. 

CTmatological  investigations  ir,  the  Lake  Erie- 
Niagara  River  region 

A  meteorological  station  was  installed  and 
monitored  by  the  Buffalo  District  Corps  of  Engineers 
to  determine  the  effects  on  local  climatology  of  the  ice 
boom  installed  each  winter  at  the  head  of  the  Niagara 
River.  In  addition,  two  stations  for  the  collection  of 
solar  radiation  data  were  established  at  Port  Maitland, 
Ontario,  and  Erie,  Pennsylvania.  Data  collected  from 
these  stations  included  solar  radiation  measurements, 
temperature  and  humidity  on  a  24-hour  basis,  max¬ 
imum  and  minimum  temperature  for  daily  calibration 
of  a  thermograph,  average  one-hour  wind  speeds  and 
directions,  and  p  ecipitation. 

To  gain  insig  it  into  processes  of  ice  formation  and 


dissipation  in  the  eastern  end  of  Lake  Erie  an  historical 
analysis  was  undertaken.  Considered  were:  (I)  the 
date  of  maximum  summer  water  temperatures;  (2)  the 
date  of  39s  F  water  temperature  in  the  fall;  (3)  the  date 
of  32°  F  water  temperature  in  the  winter,  (4)  the  date  of 
5-day  average  temperatures  greater  than  35°  F;  and  (5) 
the  date  of  33°  F  water  temperature  in  the  spring  for  the 
pre-boom  years  1935-36  and  1956-57  through  1963-64, 
and  the  post  boom^ears  1964-65  through  1972-73. 

Water  temperature  regimes  which  existed  prior  to 
boom  installation,  and  those  subsequent  to  installa¬ 
tion,  were  compared  by  means  of  an  inspections! 
analysis  of  the  temperature  record  and  detailed 
statistical  analyses  of  the  data.  Water  temperature  data 
used  were  obtained  from  the  Colonel  Ward  Filtration 
Plant  at  a  depth  of  18  feet  at  the  Plant's  water  intake. 
Measurements  were  taken  with  a  mercury-in-glass  in¬ 
dicating  thermometer  since  1926  and  a  continuous 
recording  device  installed  in  1959. 

Analysis  of  data  from  the  meteorological  station 
near  the  Niagara  River  ice  boom  resulted  in  no  effects 
detected  on  local  climatology. 


Transport  of  oil  and  hazardous  materials 

The  Council  of  Environmental  Quality  (CEQ) 
Hazardous  Materials  Plu  nand  the  Coast  Guard's  Con¬ 
tingency  Plan  are  effective  and  functioning  programs 
for  the  recovery  of  hazardous  substance  spills. 

The  Coast  Guard’s  Regional  Contingency  Plan  is 
supportive  of  and  supplements  the  CEQ  Plan,  Both 
materials  and  techniques  used  by  the  Coast  Guard  are 
the  best  current'y  available. 

Should  a  spill  occur  during  iransport  by  water  of 
many  hazardous  materials,  the  cost  for  clean-up  is 
borne  primarily  by  the  owner  of  the  facility  which 
spilled  the  material.  Financial  responsibility  is  limited, 
however,  and  if  clean-up  costs  exceed  this  limit,  a  'su¬ 
per  fund'  established  by  the  Coast  Guard,  supplies 
remaining  costs.  Legislation  is  under  review  which  will 
increase  the  financial  liability  of  the  owner  to  avoid  ex¬ 
cessive  depletion  of  the  Coast  Guard  fund. 

Under  the  National  Oil  and  Hazardous  Sub¬ 
stances  Contingency  Plan,  the  Coast  Guard  bears 
primary  responsibility  for  coping  with  actual  and 
potential  spills.  The  Coast  Guard  has  stated  that  the 
probability  of  a  spill  in  winter  is  reduced  for  the  follow¬ 
ing  reasons.  When  vessel  traffic  continues  through  an 
extended  season,  tracks  are  established  by  preceding 
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Oil  tanker  underway  in  heavy  ice. 


ships  and  the  risk  of  collision  or  grounding  is  less 
Vessels  moving  through  ice  are  not  able  to  move  at 
high  rates  of  speed;  they  are  not  able  to  move  out  of 
their  hacks  with  ease;  when  they  do  start  to  get  out  of 
track,  it  is  relatively  easy  to  stop  them  because  of  the 
frictional  effect  of  ice.  There  are  a  reduced  number  of 
vessels  operating,  and  generally  they  are  operating 
with  an  escort  when  they  are  in  difficult  waters;  with 
lake  waters  completely  or  largely  covered  by  ice,  the 
effects  of  wind  and  waves  are  considerably  reduced; 
and  ice  between  ships  tends  to  serve  as  a  buffer  to  keep 
vessels  away  from  danger. 

If  a  spill  should  occur,  ice  and  cold  weather  could 
affect  containment  operations,  as  well  as  oil  recovery 
from  stranded  or  sunken  vessels  Effects  of  ice  and  cold 
weather  can  be  either  beneficial  or  adverse  depending 
on  a  given  set  of  circumstances.  These  and  other  con¬ 
siderations  are  important  to  contingency  planning. 
Unfortunately,  there  is  little  experience  on  which  to 
focus,  and  each  event  is  unique  and  requires  its  own  ap¬ 
proach,  its  own  equipment,  and  its  own  solution. 

A  recently  completed  survey  of  cold  regions  oil 
spill  mitigation  technology  included  a  cursory  deter¬ 


mination  of  the  applicability  of  presently  available 
means  to  the  problems  of  detection,  containment, 
recovery,  temporary  storage,  and  disposal  of  oil  spilled 
in  cold  regions  characterized  by  the  existence  of  low 
temperatures  and  the  presence  of  ice  in  many  forms. 
The  evaluations  were  based  upon  the  experience  of 
various  persons  conducting  cold  regions  laboratory 
and  field  programs,  and  the  experience  of  others  in 
cold  regions  as  reported  in  the  technical  literature.  The 
survey  revealed  that  a  very  limited  degree  of  oil  spill 
response  capability  is  available  for  use  in  cold  regions 
based  upon  the  techniques  and  equipment  currently 
employed  in  warmer  climates.  While  this  limited 
capability  is  available,  a  great  deal  of  development 
work  must  be  undertaken  before  a  total  cold  regions  oil 
spill  response  capability  is  available.  Current 
technology  falls  short  of  the  desired  total  response 
capability  in  all  functional  areas,  including  remote  sen¬ 
sing.  containment,  recovery,  temporary  storage  and 
disposal. 

Should  oil  and  hazardous  material  spills  occur  in 
an  ice  environment,  special  problems  would  include  in¬ 
adequacies  in  cleanup  equipment,  personnel,  and 
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logistics  inherent  in  the  season  and  expanse  of 
territorial  occurrence.  Yet,  within  four  hours  from  in¬ 
itial  notification,  specially  trained  teams  and  the  most 
sophisticated  available  containment,  transfer,  and 
cleanup  equipment  could  be  available  at  the  nearest 
suitable  airport  in  the  Great  Lakes.  A  river  system, 
however,  could  pose  additional  problems  due  to  the 
water  regime  and  potential  for  rapid  dispersion  of  the 
pollution. 

The  system  and  equipment  currently  in  use  by  the 
Coast  Guard  represent  a  great  improvement  over  past 
capability  and  are  the  best  available  for  combatting  oil 
and  hazardous  substance  spills.  The  >J.S.  Fish  and 
Wildlife  Service  has  indicated  the  needs  of  fish  and 
wildlife  resource  protection  require  improved  capabili¬ 
ty  in  handling  spills  in  fluvial  waters  and  during  winter 
conditions.  The  Coast  Guard  will  continue  research 
and  development  efforts  in  the  field,  including  the  re¬ 
quirement  for  double  hulls  on  vessels  carrying  oil  or 
hazardous  material. 


Identification  oi  social  impact 


Social  Effects  Work  Group  Report 

The  examination  of  the  social  aspects  of  naviga¬ 
tion  season  extension  was  compiled  by  the  Great  Lakes 
Basin  Commission  under  the  direction  and  guidance  of 
the  Social  Effects  Work  Group  of  the  Winter  Naviga¬ 
tion  Working  Committee. 

The  objective  of  their  study  was  to  identify  and 
review  significant  social  effects  of  winter  navigation 
season  extension  activities,  to  recommend  solutions  on 
further  investigations,  and  to  prepare  a  plan  of  action 
to  address  unresolved  concerns,  including  both 
perceived  and  real  dimensions  of  social  effects. 

The  study  was  carried  out  in  three  stages.  The  first 
consisted  of  a  literature  research  to  identify  the  known 
and  documented  social  effects  of  winter  navigation, 
ar.d  to  record  any  actions  taken  to  resolve  these  con¬ 
cerns.  The  second  involved  the  identification  of  poten¬ 
tial  and  previously  unidentified  social  effects  through 
public  meetings  and  interviews,  and  the  third  was  the 
preparation  of  a  plait  of  action  to  address  unresolved 
concerns  and  to  suggest  further  investigations. 

The  Social  Effects  Work  Group  identified  in  its 
report,  The  Social  Aspects  o,  Winter  Navigation,  four 
major  areas  of  social  effect:  (l'  recreation;  (2)  shore 
erosion  and  structural  damage;  i.’}  cross  channel 
transportation;  and  (4)  occupational  s-roups. 


St.  Marys  River  Recreation  Study 

This  study  was  conducted  in  conjunction  with  the 
Heritage  Conservation  and  Recreation  Service  and 
Lake  Superior  State  College  to  determine  the  effect  of 
winter  navigation  on  recreation  —  primarily  fishing 
and  snowmobiling  on  the  St.  Marys  River.  The  study 
was  conducted  at  eleven  major  winter  recreation  sites 
along  the  navigation  channel  from  Whitefish  Point  to 
DeTour  Passage-Drummond  Island  and  involved  on¬ 
site  observations  and  personal  interviews  of  recreation 
participants. 

The  final  result  of  the  St.  Marys  River 
recreational  study  was  that  nearly  one-third  of  the  peo¬ 
ple  interviewed  indicated  that  extended  navigation 
affected  the  quality  of  their  recreational  activity, 
primarily  in  ice  fishing  and  snowmobiling.  The  majori¬ 
ty  of  neg"  ‘  ive  comments  came  from  snowmobilers  who 
were  concerned  with  unsafe  ice  conditions. 

Shore  erosion  and  dock  damage  monitoring 

Complaints  of  shore  and  dock  damage  by  owners 
of  property  along  the  navigation  channels  of  the  St. 
Marys  River  have  come  about  as  a  result  of  the  exten¬ 
sion  of  the  navigation  season.  An  extensive  study  that 
involved  identification  of  both  erosion  and  dock 
damage  was  conducted.  Specific  docks  were  selected 
from  each  study  area  and  visually  inspected  ai.d 
photographed  throughout  the  winter  to  detect  move¬ 
ment  or  damage. 

Similarly,  a  total  of  1 2  profile  sites  were  establish¬ 
ed  in  erosion-prone  areas.  Profiles  were  systematically 
remeasured  over  a  Vh  year  period  to  document  any 
changes  that  may  have  occurred  between  stable  shore 
and  out  into  the  2-3  foot  depth  in  the  river.  Ship-wave 
measurements  were  also  taken  during  both  ice  and 
open  water  conditions  to  aid  in  the  study. 

That  winter  navigation  does  contribute  to  in¬ 
creased  dock  damage  in  certain  areas  of  the  St.  Marys 
and  St.  Clair  Rivers  was  indicated  as  a  result  of  studies 
on  these  subjects.  The  studies  indicated  damage  arising 
primarily  from  ice  moving  laterally  and/or  vertically 
against  the  structures. 

island  transportation  access  efforts 

Sugar  Island  activities:  One  of  the  major  problems 
associated  with  winter  navigation  in  the  St.  Marys 
Piver  is  the  disruption  of  traditional  modes  of 
transportation  between  the  islands  and  the  mainland 

At  the  upstream  end  of  Little  Rapids  Cut  in  the  St. 
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Marys  River,  just  below  Soo  He  -bor,  is  located  the 
Sugar  Island  ferry  crossing.  River  currents  at  this  point 
tend  to  keep  the  area  relatively  ice  free  through  much 
of  the  winter.  However,  winds  or  thaw  condition  will 
occasionally  loosen  ice  in  the  harbor,  which  flow* 
downstream  to  jam  the  Cut.  Before  the  Winter  Naviga¬ 
tion  Demonstration  Program,  this  was  an  infrequent 
occurrence  and  would  temporarily  hamper  ferry 
operation  until  the  ice  stabilized  and  the  ferry  track 
was  reopened. 

The  ice  cover  in  the  Soo  Harbor  was  disrupted  by 
ship  transit  during  the  Winter  Navigation  Program, 
resulting  in  loose  ice  frequently  filling  the  Cut  and  oc¬ 
casionally  halting  ferry  operations  until  icebreakers 
could  reopen  the  crossing  area. 

Modifications  to  the  Sugar  Island  ferry  were 
made  to  see  if  the  ice  operating  capabilities  of  the  ferry 
could  be  improved.  Improvements  included  changing 
the  shape  of  the  bow  at  both  ends  and  doubling  the 
thickness  of  hull  plates  near  the  water  line.  The 
strength  of  the  hull  was  also  increased  by  adding  plates 
to  the  side  and  installing  longitudinal  side  girders.  The 
vessel  was  repowered  with  two  300  horsepower 
engines,  replacing  the  existing  100  horsepower  engines. 
Also  included  were  a  new  shaft,  bearings,  propellers, 
and  a  strengthened  rudder.  The  new  icc  strengthened 
hull  and  more  powerful  engines  were  effective  in  allow¬ 
ing  the  ferry  to  operate  through  moving  ice  floes. 

As  mentioned  previously,  model  studies  and  a 
prototype  ice  boom  test  were  performed  for  the  Little 
Rapids  Cut  to  see  if  the  ice  cover  could  be  stabilized 
and  allow  vessel  transits.  Since  the  annual  installation 
of  an  ice  boom  in  1975,  there  has  been  no  serious  dis¬ 
ruptions  to  ferry  operation. 

To  assist  the  ferry  in  reaching  the  mainland  dock, 
an  air  bubbler-flusher  system  was  installed  and 
operated  each  year.  The  system  flushed  ice  away  from 
the  dock  providing  there  wasan  area  out  in  the  channel 
into  which  the  ice  could  be  flushed. 

To  help  maintain  the  transportation  link  at  the 
Sugar  Island  ferry  crossing,  an  operational  plan  was 
developed  and  implemented  during  the  fourth  through 
eighth  years  of  the  program.  The  U.S.  Coast  Guard 
Captain  of  the  Port  (Soo)  was  designated  as  Officer-in- 
Charge  to  coordinate  and  implement  the  operational 
plan  efforts.  The  Coast  Guard  and  a  private  tug  per¬ 
formed  preventative  icebreaking  in  the  area.  In  the 
event  the  ferry  was  temporarily  unable  to  operate. 
Coast  Guard  vessels  were  used  to  provide  transporta¬ 
tion.  If  the  National  Weather  Service’s  experimental 
forecasts  indicated  ferrv  service  would  be  interrupted 
in  excess  of  five  consecutive  days,  shipping  through  t  he 


area  would  be  halted  until  the  area  cleared  enough  to 
resume  ferry  operations. 
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Sugar  Island  Ferry  moves  across  St.  Marys  River. 


lime  Island  airboat:  Navigation  season  extension 
activities  resulted  in  the  disruption  of  the  solid  ice 


cover  between  Lime  Island  and  the  mainland.  An  air- 
boat,  capable  of  crossing  solid  or  broken  ice  and  open 
water  was  designed  and  constructed  to  provide 
transportation  during  the  extended  season. 

A  number  of  improvements  wer .  suggested  by  air- 
boat  users,  including  a  new  engine  and  propeller,  a 
walk-through  windshield,  new  passenger  seats,  canvas 
top  and  side  curtains  for  the  passenger  compartment, 
and  a  sturdier  engine  mount. 

The  test  airboat  has  not  been  accepted  by  the 
residents  as  an  effective  solution.  They  claim  the  vehi¬ 
cle  is  uncomfortable  and  inconvenient.  The  vehicle  is 
old  and  if  extended  season  navigation  were  to  con¬ 
tinue,  a  newer  vehicle  would  be  required. 

Closed  1 Vest  Neebish  Channel:  During  the  open 
water  season,  upbound  traffic  uses  the  Middle  Neebish 
Channel  and  downbound  traffic  transits  the  siraighter 
West  Neebish  Channel.  The  Neebish  Island  ferry 
operates  across  the  West  Neebish  Channel  above  a 
narrow  excavated  channel  commonly  called  Rock  Cut. 
When  ice  thickness  is  sufficient  to  support  foot  and 
snowmobile  traffic,  the  West  Neebish  Channel  is  clos¬ 
ed  to  navigation.  The  ferry  service  shuts  down  for  the 
winter  and  both  upbound  and  downbound  navigation 
use  the  Middle  Neebish  Channel.  Access  to  Neebish 
Island  is  across  the  ice  until  ferry  service  is  resumed  in 
the  spring. 

Various  solutions  are  being  investigated  to 
provide  access  to  the  Island  if  the  West  Neebish 
Channel  should  be  opened  to  winter  navigation. 
However,  the  West  Neebish  Channel  is  not  included  in 
the  proposed  plan  for  winter  navigation. 

Monitored  Drummond  Island  crossing:  The 
Drummond  Island  ferry  operates  year-round  across 
the  mile-wide  DeTour  Passage,  located  where  the  St. 
Marys  River  flows  into  Lake  Huron.  Because  ferry 
operators  complained  of  unusually  heavy  ice  floes  and 
navigation  problems  shortly  after  the  beginning  of  the 
Demonstration  Program,  a  monitoring  program  was 
established  to  observe  winter  operations  of  the  ferry. 

A  time-lapse  movie  camera  was  set  up  to  record 
daily  ferry  operations  throughout  several  winters. 
Aerial  photos  were  taken  to  document  the  changing  ice 
conditions,  and  a  Corps  observer  made  pertoJic 
crossings  on  the  ferry,  discussed  operations  with  the 
ferry  operators,  and  obtained  copies  of  the  daily  cross¬ 
ing  logs. 

Results  of  the  observations  indicate  that  the  ex¬ 
tended  navigation  activities  did  not  contribute  to 
Drummond  Island  ferry  problems.  The  problems  arise 
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because  the  ferry  has  marginal  ice  operating 
capabilities  and  faces  difficulty  maneuvering  in  ice 
floes  blown  against  shoreline  docking  facilities.  The 
continuously  maintained  ship  track,  through  the  ice 
bridge  upstream  of  the  ferry  crossing,  severs  the  alter¬ 
nate  means  of  transportation  to  the  mainland  (over  the 
ice)  when  the  primary  means  (the  ferry)  is  out  of  service 
for  repairs.  This  situation  would  continue  to  be 
monitored  during  any  operational  season  to  determi  ne 
if  there  is  any  change  in  this  situation. 

St.  Clair  River:  As  pa.l  of  the  Detroit  Districts 
Winter  Operation  Reporting  Center  operations  a  close 
watch  was  kept  on  all  cross  channel  river  traffic  in  the 
St.  Clair  and  Detroit  Rivers.  It  was  determined  that  the 
impact  of  winter  navigation  on  cross-channel 
transportation  service  is  minimal. 


The  Harsens  Island  ferry,  operating  between 
Algonac.  Michigan  and  Harsens  Island  on  the  north 
channel  of  the  St.  Clair  River  has  experienced  in¬ 
terruptions  in  service  for  short  periods  of  time  (1  to  4 
days)  during  the  1978-79  winter  season.  This  is  anarea 
of  naturally  occurring  ice  jams  of  substantial  propor¬ 
tion.  This  area  would  also  be  monitored  during  an 
operational  season  to  determine  if  navigation  increases 
these  effects. 

The  Drummond  Island  and  Harsens  Island 
transportation  issues  remain  unresolved  and  further 
studies  are  necessary. 

Sociological  Assessment  Study  by  MARAD 
The  Maritime  Administration  (MARAD)  con- 


Vessel  transits  Straits  oj  Mackinac. 
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Upbound  through  Soo  Locks. 


eluded  a  study  in  October  1976  aimed  at  identifying 
significant  psychological  problems  and  benefits  of  an 
extended  winter  navigation  season  on  Great  Lakes  per¬ 
sonnel.  The  study  was  entitled,  'Sociological  Assess¬ 
ment  Survey'  (SAS).  A  questionnaire  was  developed 
and  directed  to  representative  samples  of  Great  Lakes 
industry  groups,  i.e.,  vessel,  terminal,  lock,  and  pilot 
personnel.  Almost  1,700  questionnaires  were  dis¬ 
tributed  with  a  high  response  rate  of  approximately  46 
percent. 

Four  occupational  groups  have  been  identified  as 
being  directly  affected  by  winter  navigation  activities 
—  personnel  employed  by  vessels,  terminals,  locksand 
as  pilots.  The  effects  on  these  groups  are  primarily 
two:  individual  comfort  and  the  psycho-socio  effects 
of  an  extended  season.  The  results  of  the  Maritime  Ad¬ 
ministration  Sociological  Assessment  Survey  are  sum¬ 
marized  below: 

Vessel  personnel:  Although  these  individuals  have 


positive  attitudes  toward  their  jobs,  they  appear 
somewhat  negative  with  regard  to  the  extended  season. 
They  are  concerned  about  safety  during  the  winter, 
feeling  the  need  for  more  time  off,  indicating  that  sail¬ 
ing  during  the  extended  season  is  disturbing  to  their 
families.  The  group  did  exhibit  a  positive  attitude  in 
situations  where  individuals  either  sailed  voluntarily  or 
knew  several  months  in  advance  that  they  would  be 
sailing  during  the  extended  season.  Serious  psycho- 
socio  problems  related  to  extension  are  anticipated 
with  this  group,  although  several  suggestions  were 
made  to  improve  season  extension  acceptance. 

Lock  and  terminal  personnel:  While  virtually  all 
lock  and  many  terminal  personnel  were  positive 
toward  an  extended  season,  union  terminal  personnel 
exhibited  more  negative  attitudes  than  non-union  ter¬ 
minal  workers.  The  group  provided  suggestions  aimed 
at  improving  conditions  relating  to  winter  navigation. 
As  with  ot  her  groups,  they  asked  for  more  information 
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concernir ,,  the  extension.  Different  segments  of  this 
group  seemed  to  prefer  particular  job  assignments, 
although  not  necessarily  the  most  easy  or  comfortable 
ones.  These  preferences  should  be  honored  or  retrain¬ 
ing  should  be  initiated  to  accommodate  them. 


Finally,  some  personnel  (union  members)  ex¬ 
pressed  less  job  satisfaction  and  less  positive  attitudes 
toward  extension  than  non-union  members.  It  would 
be  helpful  to  solicit  suggestions  from  these  union 
members  regarding  their  season  extension  concerns. 


Pilot  personnel:  Some  tentative  suggestions  may 
be  made  regarding  this  group,  although  few  responses 
were  received.  Initially,  this  group  needs  more  exten¬ 
sive  information  on  season  extension.  Suggestions 
from  the  group  should  be  actively  solicited.  The 
possibility  of  having  more  pilots  available  during  the 
extended  season  should  be  explored. 

Pilots  should  be  better  informed  about  upcoming 
changes  in  their  work  schedules  and  be  allowed  to 
provide  input  or  discussion  about  these  changes.  The 
use  of  volunteers  is  also  suggested.  Vacation  schedules 
should  be  altered  to  allow  pilots  to  take  vacationsdur- 
mg  summer  months. 

Winter  Cargo  Handling  Study 

The  Great  Lakes  Regional  Office  of  MARAD 
conducted  a  study,  entitled  The  Effects  of  Winter 
Weather  on  Cargo  Handling  Productivity,’  as  an  in- 
house  project.  The  objective  of  the  study  was  to  deter¬ 
mine  the  effects  of  adverse  winter  weather  on  cargo 
handling  productivity  at  Great  Lakes  Ports  and  ter¬ 
minals.  to  analyze  these  effects,  and  to  make 
recommendations  on  methods  or  techniques  (if  any) 
which  would  improve  productivity  to  the  degree  that 
the  competitive  posture  of  Great  Lakes  Ports  would  be 
improved. 

The  results  of  the  study  on  the  effect  of  winter 
weather  on  cargo  handling  productivity  is  based  on  a 
survey  of  terminal  operators,  shipping  lines  and  labor 
organizations  in  the  Great  Lakes  area.  The  consensus 


of  the  survey  indicated  that  the  effects  of  winter 
weather  did  not  have  a  severe  impact  on  cargo  handl¬ 
ing  operations,  with  the  exception  of  bulk  coal  loading 
and  unloading.  This  commodity  has  been  identified  for 
further  study  due  to  the  intermodal  aspects  and  the 
nature  of  the  cargo  itself. 

Other  specific  findings  of  the  study  indicated  that 
winter  weather  was  not  significantly  detrimental  to 
productivity  as  long  as  safety  considerations  were 
applied  and  adequate  winter  clothing  was  made 
available  at  a  moderate  cost  to  employees.  Standar¬ 
dized  or  issued  cold-weather  clothing  was  not.seen  to 
be  an  alternative  either  by  labor  or  management,  due 
to  the  variance  in  individual  taste  and  desires. 

Work  stoppages  during  winter  were  seen  as  being 
no  more  frequent  than  those  caused  by  summer  rain 
storms.  Benefits  to  labor  and  to  ports  in  terms  of  year- 
round  employment  would  occur  as  a  result  of  the  ex¬ 
tension  effort,  with  no  degradation  of  experienced  per¬ 
sonnel. 

Benefits  from  increased  revenues  would  offset 
equipment  maintenance  costs;  very  little  special  equip¬ 
ment  (except  for  snow  removal  equipment)  would  be 
needed.  Most  ports  currently  consider  themselves  to  be 
operational  on  a  year-round  basis  already,  due  to 
transshipment  requirements. 

This  study  applies  particularly  well  to  winter 
navigation,  since  it  resolves  the  issue  of  the  capability 
of  Great  Lakes  ports  and  terminals  to  operate  during 
the  winter  season,  should  such  operations  become  a 
reality. 
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Economics 


Traffic  study 

The  primary  activity  undertaken  by  the  Economic 
Evaluation  Work  Group  during  the  Demonstration 
Program  was  a  Traffic  Study  of  all  commodities 
shipped  on  the  Great  Lakes  during  each  year  of  the 
Program.  An  origin-destination  traffic  matrix  was 
prepared  for  each  year  of  extended  season  traffic  based 
on  data  obtained  from  Soo  Locks  records,  from  vessel 
operation  reports  of  U.S.  companies  that  ship  on  the 
Great  Lakes,  and  from  a  telephone/ mail  survey  of 
Canadian  companies  that  ship  on  the  Lakes. 

The  results  of  the  Traffic  Study  are  depicted  in 
Table  1  for  FY  72-78  (FY  79  data  have  not  yet  been 
completed).  As  shown  in  Part  A  of  Table  I,  the  total  net 
tonnage  handled  on  the  Great  Lakes  during  the  ex¬ 
tended  navigation  season  increased  steadily  from  3.6 
million  tons  in  FY  72  to  15.0  million  tons  in  FY  75, 
then  decreased  annually  to  5.3  million  in  FY  77,  before 
increasing  again  in  FY  78  to  9. 1  million  tons. 

Iron  ore  accounted  for  a  record  74  percent  of  all 
commodities  shipped  during  the  FY  78  extended 
season  (due  primarily  to  the  iron  ore  mine  workers’ 
strike  in  1977  forcing  companies  to  ship  more  ore  dur¬ 
ing  the  1977-78  winter)  and  maintained  its  position  as 
the  primary  commodity  shipped  from  FY  72  through 
FY  78  (Table  I,  Part  B).  Net  tonnage  by  Lake  of  origin 
is  shown  in  Part  C  of  Table  1.  During  each  of  the  ex¬ 
tended  seasons,  Lake  Superior  has  been  the  major 
Lake  of  origin.  Part  D  of  Table  I  illustrates  the  fact  that 
Lake  Michigan  was  the  major  lake  of  destination  in  the 
FY  78  extended  season,  as  it  has  been  in  every  year  ex¬ 
cept  FY  73. 

Overall,  Parts  A,  B,  C,  and  D  show  that  the 
primary  extended  season  commodity  movement  Cur¬ 
ing  the  Demonstration  Program  has  been  iron  ore 
originating  out  of  Lake  Superior  and  destined  for  Lake 
Michigan,  Lake  Hue,  and  the  St.  Clair-Detroit  Rivers 
System. 


Figures  1  through  4  show  the  typical  Great  Lakes 
shipping  routes  for  each  month  of  extended  season 
operation,  based  on  the  Demonstration  Program  ton¬ 
nages  contained  in  Table  1.  As  can  be  evidenced  from 
these  figures,  traffic  movements  are  heaviest  in 
December,  then  gradually  decline  in  January  and 
February,  and  increase  again  in  March  as  the  winter 
season  comes  to  a  close. 

Table  11  shows  the  opening  and  closing  dates, 
transits  and  tonnage  for  the  Soo  Locks  for  the  1967- 
1978  extended  navigation  seasons.  As  this  table  shows, 
the  Soo  Locks  have  remained  open  all  year  for  the  past 
five  winters  (although,  from  23  January  1977  to  17 
March  1977the  Demonstration  Program  was  suspend¬ 
ed).  A  record  9,134,539  tons  of  commerce  passed 
through  the  locks  during  the  1974  extended  season, 
while  1977  was  the  second  highest  year  with  6,844,222 
tons  and  1978  the  third  highest  year  with  6,629,598. 

A  summary  of  the  market  value  of  the  annual 
waterborne  commerce  passing  through  the  Soo  Locks 
during  the  1971-1978  extended  navigation  seasons  is 
shown  in  Table  III.  This  table  also  points  out  the  fact 
that  the  average  annual  amount  of  tonnage  moving 
through  the  Soo  Locks  during  the  1971-1978  extended 
navigation  season  period  was  5,165,900  tons  with  an 
average  annual  market  value  of  $300,231,100.  (This 
figure  indicates  market  value  and  not  savings  gained  by 
an  extended  navigation  season).  It  should  be  noted 
that  the  market  values  of  the  various  tonnages  dis¬ 
played  in  Table  III  do  not  include  the  transport  costs 
that  would  be  associated  with  moving  these  goods 
from  the  point  of  origin  to  the  point  of  destination.  As 
an  example,  the  total  ti  ansport  cost  to  rail  iron  ore  (the 
primary  commodity  shipped  during  the  Demonstra¬ 
tion  Program)  from  the  Mesabi  range  to  Duluth- 
Superior  and  then  transship  it  by  vessel  to  a  Lake  Erie 
port  would  be  approximately  $9.54  per  ton.  This  $9.54 
per  ton  includes  all  dock  and  handling  charges,  and 
represents  nearly  one-fourth  of  the  $37.50  per  ton 
market  value  of  iron  ore  shown  in  Table  111. 
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TABLE  I 

COMPARISON  OF  FY  72  THROUGH  FY  7S 
GREAT  LAKES  EXTENDED  NAVIGATION  SEASONS 


Part  A 

TOTAL  NET  TONNAGE* 

c 


NET  TONS 


Commodity 

FY  72 

FY  73 

FY  74 

FY  75 

FY  76 

FY  77 

FY  78 

Iron  Ore 

1,175,967 

3,900,872 

4,927,019 

8,399.424 

5,493.064 

2.569.129 

6.733.582 

Srain 

709,679 

623,752 

1,099.289 

1,712,258 

1.289.297 

775.177 

947.557 

Coal 

1,127,265 

663,891 

1,654,906 

2,229,582 

1.685.214 

870.525 

513.204 

Stone 

140,516 

493,886 

1,117,092 

1,140.778 

509.019 

231.649 

319.137 

Petroleum 

368.541 

757,728 

985,052 

1.015,124 

590.542 

607.675 

407.849 

Otheri 

55,589 

294,095 

845,241 

516.396 

96.488 

237.042 

164.661 

TOTALS 

5,577,555 

6,734,224 

10,628,599 

15.013.562 

9.663.624 

5.291.197 

9.085.990 

1 .  Reflect]  total  net  tonnaie  moved  on  the  Great  Lakes>St.  Lawrence  Seaway  system  at  opposed  to  tonnage 

moved  through  the  Soo  Locki. 

INDEX  OF  CHANGE:  FY  72=160 

l 

Commodity 

FY  72 

FY  73 

FY  74 

FY  75 

FY  76 

FY  77 

F  Y  78 

Iron  Ore 

J00 

332 

419 

714 

467 

218 

573 

drain 

100 

88 

155 

241 

182 

109 

134 

Coal 

100 

59 

147 

198 

150 

77 

46 

Stone 

100 

351 

795 

812 

362 

165 

227 

Petroleum 

100 

206 

267 

275 

160 

165 

III 

Others 

100 

529 

1,520 

929 

174 

426 

296 

TOTALS 

100 

188 

298 

420 

270 

148 

254 
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TABLE  I  (continued) 

Part  B 

TOTAL  NET  TONNAGE  BY  COMMODITY 


%  of  Total  Net  Tonnatte 


Commodity 

FY  72 
(3457455) 

FY  73 
(4,734,224) 

FY  74 
(10,628499) 

FY  75 
(15,013,542) 

FY  76 
(9.463,624) 

FY  77 
(5.291.197) 

FY  78 
(9,085,990) 

Iron  Ore  ■’ 

33% 

58% 

46% 

56% 

57% 

49% 

74% 

Grain 

20 

9 

10 

11 

13 

15 

10 

Coal  , 

31 

to 

16 

15 

18 

16 

6 

Stone 

4 

7 

II 

8 

5 

4 

4 

Petroleum 

10 

12 

9 

7 

6 

11 

4 

Others 

2 

4 

8 

3 

1 

5 

2 

TOTALS 

100% 

100% 

100% 

100% 

hhh; 

100% 

100% 

? 


Part  C 

TOTAL  NET  TONNAGE  BY  LAKE  OF  ORIGIN 


%  of  Total  Net  Tonnage 


LAKE  OF  FY  72 

ORIGIN  (3477,355) 

FY  73 
(6.734,224) 

FY  74 
(10.628,599) 

FY  75 
(15.013.562) 

FY  76 
(9.663.624) 

FY  77 
(5.153.561) 

FY  78 
(9,085.990) 

l  ake  Superior 

54% 

56% 

48% 

61% 

59% 

55% 

75% 

Lake  Michigan 

9 

24 

21 

II 

16 

17 

10 

Lake  Huron 

3 

5 

9 

7 

4 

4 

5 

St.  Clair-Detroit 
Rivers 

1 

2 

5 

y 

2 

8 

3 

t  ake  Erie 

32 

12 

16 

16 

18 

19 

6 

1  ake  Ontario 

1 

1 

1 

2 

1 

1 

1 

TOTALS 

100% 

100% 

100% 

100% 

100% 

100% 

100% 
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Winter  activity. 

TABLE  I  (continued) 

Part  D 

TOTAL  NET  TONNAGE  BV  LAKE  OF  DESTINATION 

%  of  Total  Net  Tonnage 

LAKE  OF 
DESTINATION 

FY  72 
(3,463.470) 

FY  73 
(6,700,408) 

FY  74 
(10.594,578) 

FY  75 
(14,113.239) 

FY  76 
(9.568.327) 

FY  77 
(5,291.197) 

FY  78 
(9,030,249) 

Like  Superior 

3% 

3% 

3% 

7% 

5', 

8% 

8% 

Luke  Michigan 

36 

36 

35 

31 

40 

47 

Lake  Huron 

5 

3 

6 

6 

6 

5 

6 

St.  Clair-Detroit 
Rivers 

23 

17 

24 

18 

II 

19 

4 

Luke  Erie 

II 

37 

23 

25 

28 

II 

25 

1  uke  Ontario 

22 

4 

9 

13 

II 

17 

10 

101  At  S 

100% 

100% 

100% 

100', 

100' , 

100', 

100', 

fii 
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Moving  toward  the  Soo  Locks. 


TABLE  II 

SOO  LOCKS  TRANSITS  AND  TONNAGE 
AFTER  NORMAL  SEASON  CLOSING  DATE  (DECEMBER  16) 


Staton 

Opening  Dale 

Closing  Date 

UP 

Transits' 

DN 

Tl. 

Tonnage 

1967 

1  April  67 

31  Dec  67 

15 

25 

40 

198.978 

1968 

1  April  68 

4  Jan  69 

22 

32 

54 

471.542 

1969 

1  April  69 

1 1  Jan  70 

37 

56 

93 

1.020.050 

1970 

1  April  70 

29  Jan  70 

66 

86 

152 

1  421.612 

1971 

1  April  71 

1  Feb  72 

86 

107 

193 

1.976.407 

1972 

1  April  72 

8  Feb  73 

144 

179 

1.162.974 

1973 

1  April  73 

7  Feb  74 

192 

226 

418 

4.780.001 

1974 

All  Year 

oo 

vO 

395 

761 

9.134.519 

1973 

All  Year 

210 

233 

441 

5.664.689 

1976 

All  Year 

119 

131 

250 

2.935.011 

1977 

All  Year 

279 

297 

576 

6.844.222 

1978 

All  Year 

252 

284 

516 

6  629.598 

'UP  indicates  upbound,  DN  indicated  downbound,  and  TL  indicates  total  transits 


NET  TONS  W  1.991.407  105.567  34.502  669.143  58.820  21.700  53372  2.935,011' 

AVG  VALUE  PER  TON  $  37.50  29.95  2.08  129  58  129  86  10.00  484.00 

TOTAL  MARKET  VALUE  $  74,677,800  3.161.700  71.800  86.707.500  7,638.400  217,000  26,074.000  $198,548,200 


Ext  Sea.  Yre  PETROLEUM  OTHER  GENERAL 

1*77  IRON  ORE  COAL  STONE  GRAIN  PRODUCTS  BULK  CARGO  TOTAL 
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TABI.EIV 


DISTRIBUTION  OF  DEMONSTRATION  PROGRAM  FUNDS 
COST  <I)  BY  FISCAI.  YEAR 


ICE  INFORMATION 

NOAA-Great  Lakes  Environmental 

Research  Laboratory 

(a)  Air  and  water  temperature 

1972 

1973 

1974 

1975 

1976 

1977 

1978  1979(>) 

TOTAL 

measurements 

(b)  Lake  Superior  bathythermograph 

5  5.2 

S  69 

$  10.0 

S  6.5 

$  - 

S  -. 

$  -  5  - 

S  28.6 

measurements 

- 

1 1.0 

6.0 

6.5 

- 

- 

- 

23.5 

(c)  Ice  thickness  measurements 

7.1 

13.6 

4.5 

4.5 

- 

- 

- 

29.7 

(d)  Aerial  photography  of  selected  areas 

(e)  St.  Lawrence  River  freeze-up 

17.7 

24.0 

4.0 

* 

* 

* 

45.7 

forecasts 

- 

30.0 

30.0 

- 

- 

- 

40.0  40.0 

140.0 

(0  Harbor  freeze-up  forecasts 
(g)  Little  Rapids  Cut  ice  condition 

’ 

20.0 

- 

20.0 

forecasts 

U.S.  Coast  Guard 

20.0 

20.0 

(a)  Operation  of  Navigation  Center 

30.5 

14  1 

21.0 

21.0 

23  0 

19.0 

38.0  85.0 

251.6 

(b)  Coast  Guard  Ice  Reconnaissance 

NOA  A  -  National  Weather  Service 

1 1.5 

22.7 

26.0 

10  8 

11.0 

82.0 

(a)  Ice  and  weather  forecast  operations 

33.0 

57.0 

57.0 

57.0 

70.0 

36.0 

72.0  82.0 

464.0 

(b)  Short-Term  ice  forecast  technique 

(c)  Harbor  freeze-up  and  break-up 

• 

13.0 

150 

• 

’ 

* 

* 

28  0 

forecasts 

St.  Lawrence  Seaway  Development  Corporation 

St.  Lawrence  River  Surveillance  and 

20.0 

20  0 

monitoring 

Document  St.  Lawrence  River  Ice 

500 

40  0 

55.0 

125  0 

120  0 

* 

390  0 

conditions 

Corps  of  Engineers  •  Detroit  District 

(a)  Ice  thickness  and  movement 
measurement  and  water  level 
fluctuations  in  St  Clair 

150  0 

150  0 

and  St  Marys  P.iver 

65  0 

53.7 

50.8 

23.8 

7  2 

9 

14.9 

216.3 

< 


U4 


(b)  Temperature  profiles  in  selected 

areas 

(c)  Instrumentation  of  Pile  movement 

and  heaving  -  Great  Lakes  Area 

(d)  Whitefish  Bay  Pressure  Wave 

Study 

Corps  of  Engineers  •  Buffalo  District 

Eastern  Lake  Erie  ice  surveillance 
activities 

U.S.  Army  Electronic  Proving  Grounds 

Remote  sensing  <  f  Lake  ice 
conditions  (SLAR) 


TOTAL  -  ICE  INFORMATION 


(1)  Rounded  in  thousands  of  dollars. 

(2)  Estimated  costs  pending  financial  closeout 


Corps  of  Engineers  -  Detroit  District 

(a)  Island  Transportation  Investigations 

(b)  Sugar  Island  ferry  dock  bubbler- 

flusher  systems 

(c)  Modification  of  Sugar  Island  ferry 

(d)  Lime  Island  Airboat 

(e)  1  ime  Island  Air-Bubbler  System 

(0  Design  of  Bubbler  System  foi  Middle 
Neebish  Channel 

(g)  St  Clair  •  Detroit  River  System 
Study 


TABLE  IV  (continued) 


ICE  INFORMATION  (continued) 


1971 

1973 

1974 

1975 

1976 

1977 

197S 

1979(1) 

TOTAL 

- 

5.0 

2.8 

3.4 

- 

- 

- 

• 

11.2 

- 

21.0 

- 

- 

- 

- 

21.0 

- 

- 

- 

- 

* 

- 

78 

- 

78 

13.0 

7.0 

12.0 

4,8 

- 

-- 

- 

• 

36  8 

- 

- 

80.0 

- 

- 

- 

- 

80.0 

233.0 

298.0 

434.1 

284  3 

231.2 

55  9 

322.7 

207.0 

2066.2 

ICE  MANAGEMENT 

1972 

1973 

1974 

1975 

1976  1977 

197* 

I979(i) 

TOTAL 

$13  5 

$  * 

$  - 

S  • 

$  •  S  - 

$  84 

$  - 

$  21.9 

99 

7.9 

1.5 

2.7 

5  9  12.0 

3  8 

10.0 

53i 

73  0 

- 

10  0 

- 

- 

- 

83  0 

- 

60 

9.4 

67 

3.6  1 1  7 

126 

80 

58  0 

64.6 

59  8 

- 

- 

* 

• 

124  0 

- 

2.0 

- 

- 

- 

- 

- 

2.0 

80  2 

. 

. 

. 

. 

- 

80  2 
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TABLE  IV  (continued) 


ICE  MANAGEMENT  (continued) 

(h)  Saginaw  Bay  the'mal  Ice  Suppression 

Test  design,  construction,  testing. 

197? 

1973 

1974 

1975  1976 

197? 

1978 

!979(») 

TOTAL 

and  removal 

- 

8.9 

10.0 

299.5 

67  6 

- 

- 

3  0 

389.0 

(i)  Model  study  of  Little  Rapids  Cut 

(j)  St.  Marys  River  navigation  ice  boom 

* 

" 

24.8 

202.3 

61.7 

* 

* 

" 

288.8 

design,  construction,  testing 
(k)  St.  Marys  River  ice  boom,  modification, 
repairs,  reinstallation  and  removal 

40.0 

628.8 

668.8 

and  redesign 

(1)  Advance  Work  -  St.  Marys  River 

~ 

* 

* 

65.4 

100  9 

50.0 

216.3 

ice  boom 

(m)  Analysis  and  data  collection  Saginaw 

* 

* 

* 

47.8 

47.8 

Bay  thermal  ice  suppression 
(n)  Instrumentation  of  ice  boom  St. 

- 

" 

12.0 

" 

12.0 

Marys  River 

- 

- 

67.0 

- 

67  0 

(o)  Shore  erosion  and  structure  damage 

(p)  Analytical  study  St.  Clair  River 

- 

* 

“ 

45  0 

* 

45.0 

physical  hydraulic/ice  model 
(q)  St.  Clair  River  physical 

* 

* 

" 

10  0 

10.0 

hydraulic/ ice  model 
(r)  St.  Clair  River  model  field 

’ 

* 

- 

311.6 

183.4 

495.0 

data  support 

• 

- 

- 

22.8 

22.0 

44.8 

(s)  St.  Lawrence  River  levels  and  flows 

- 

- 

• 

8.6 

25  0 

33.6 

(t)  Madeline  Island  airboat  tests 

(u)  Winter  Navigation  Reporting  Center 

* 

“ 

1.8 

1.8 

operation 

- 

• 

- 

10  0 

10.0 

20.0 

(v)  Shore  erosion/dock  damage 

♦ 

- 

- 

15.4 

50.0 

65.4 

(w)  Galop  Island  flow  distrubution 

Corps  of  Engineers  -  St.  Paul  District 

(a)  Preparation  of  a  report  on  FY-71 

2.2 

2.2 

Duluth  Haibor  bubbler  system 
(b)  Superior  Harbor  entrance  bubbler 

5,0 

* 

* 

’ 

' 

• 

*' 

5.0 

system 

(c)  Howards  Bay,  Superior  Harbor 

*' 

5.0 

* 

* 

’ 

* 

■ 

5.0 

bubbler  system 

Corps  of  Engineers  -  Buffalo  District 

55.0 

60.0 

115.0 

Niagara  River  ice  boom  study 

L’.S.  Fish  and  Wildlife  Service 

Environmental  data  collection.  Saginaw 

12.0 

12.0 

Bay  thermal  ice  suppression  test 

- 

25.0 

400 

18.0 

65  0 

•- 

•• 

148  0 

Documentation  mathmetical  model 

3  0 

3.0 

TOTAL  -  ICE  MANAGEMENT 

93  0 

334.8 

145.7 

579.2 

1004  4 

89  1 

505  9 

366  6 

3118.7 
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TABLE  TV  (continued) 


ICE  NAVIGATION 

U.S.  Coast  Guard 

(a)  Water  bubbler  test  on  USCG 

1972 

1973 

1974 

1975 

1976 

1977 

197* 

1979<>>  TOTAL 

RARITAN 

(b)  Follow-The-Wire  navaid  test, 

5  60.2 

S  - 

$  - 

S  - 

s  * 

5  - 

S  • 

S  -  S  60.2 

Muskegon  Harbor 

2.2 

- 

- 

- 

- 

- 

- 

2.2 

(c)  Icebreaker  support  in  Straits  area 

(d)  Fixed  and  floating  aids  to  navigation 

38.0 

* 

• 

* 

38.0 

tests 

(e)  User  range  and  radio  transponder 
beacon  (RACON)  aids  to  navigation 

17.0 

110.0 

75.0 

25.0 

227  0 

test 

2.6 

33.2 

15.0 

• 

- 

- 

50.X 

(f)  Crew  safety  and  survival  tests 

(g)  Bubbler-wire  guidance  system  studies 

* 

I2S.0 

240.0 

35.0 

25.0 

425  0 

and  design  for  Whitefish  Bay 
(h)  Water  cannon  non-conventional 

* 

22.1 

“ 

* 

* 

* 

“ 

22.1 

icebreaking  tests 

- 

?3.7 

- 

- 

- 

- 

23.7 

(1)  Loran-C  navigation  system  development 

Maritime  Administration 

(a)  Precise  User  Radar  Aid  to  Navigation 
System  (PLANS/ PRANS)  tests  and 

183.0 

170.0 

353.0 

development 

50.0 

218.0 

78.0 

10.0 

• 

• 

- 

356.0 

(h)  Sociological  assessment  questionnaire 

St.  Lawrence  Seaway  Development  Corporation 

Precise  All-Weather  Navigation  System 

15.0 

15.0 

(PAWNS)  development 

* 

125.0 

30  0 

* 

7181 0 

855.0 

IOTAI  -  ICF.  NAVIGATION 

170  0 

532  0 

408  0 

210  0 

2  tan 

• 

X7()  0 

2428  0 

ICE CONTROL 

St.  Lawrence  Seaway  Development  Corporation 

1972 

1973 

1974 

1975  1976  1977  1978  1979(1)  TOTAI 

(a)  Procure  conceptual  designs  of  ice 

control  structures 

550.0 

- 

- 

S  50.0 

(b)  Ogdensburg-Prescott  ice  boom  gate 

(c)  System  Plan  for  All-Year  Navigation 

400.0 

25.0 

425(1 

(SPAN)  Study 

- 

200  0 

2S0 

225  0 
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TABLE  IV  (continued) 


ICE  CONTROL  (continued) 

J  T  ■ 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

I979<>)  TOTAL 

(d)  Copeland  Cut  test  ice  boom 

(e)  Copeland  Cut  and  Ogdensburg-Prescott 

- 

* 

- 

280.0 

- 

•- 

* 

280.0 

ice  boom  model  studies 

- 

- 

* 

- 

575.0 

- 

- 

575.0 

(0  Galop  Island  ice  boom  modification 

* 

- 

- 

- 

* 

124.0 

176.0 

300.0 

Corps  of  Engineers  ■  Buffalo  District 

St.  Lawrence  River  activities  management 

- 

- 

22.5 

- 

- 

- 

• 

22.5 

TOTAL  -  ICE  CONTROL 

$50.0 

600.0 

72.5 

280.0 

575.0 

124.0 

176.0 

SI877.5 

ICE  ENGINEERING 

Corps  of  Engineers  •  Cold  Regions  Research 
and  Engineering  laboratory  (CRREL) 

(a)  Studies  and  measurements  of  ice  forces 

1972 

1973 

1974 

197$ 

1976 

1977 

197* 

I979(») 

TOTAL 

on  structures  -  St.  Lawrence  River 
(b)  Preliminary  design  of  ice  Engineering 

$37.0 

$  55.0 

S  65.0 

$40.0 

* 

* 

$197.0 

Modeling  Facility 

(c)  Studies  and  measurements  of  ice 

10.0 

50.0 

* 

* 

60.0 

forces  on  piles 

(d)  Field  measurements  at  Lime  Island 

6.5 

30.0 

60.0 

* 

* 

96.5 

air  bubbler 

(e)  Air  bubbler  systems  effectiveness 

6.5 

* 

* 

• 

6.5 

studies 

(0  Instrumenting  a  light  structure  at 

* 

20.0 

* 

* 

20.0 

Toledo  Harbor,  Ohio 

- 

100 

- 

- 

10.0 

(g)  St.  Marys  River  ice  boom  monitoring 

(h)  St  Marys  River  'Early  Warning" 

* 

28  0 

70  0 

58.0 

system 

s-' 

* 

90 

• 

90 

(0  St  Marys  River  vibration  study 
(j)  Floating  ice  barrier  effectiveness 

* 

* 

30.0 

20  0 

50.0 

study 

• 

- 

- 

50.0 

50  0 

(k)  Ice  forces  on  marine  structures 

St.  Lawrence  Seaway  Development  Corporation 

Determination  of  forces  on  ice  boom 

100  0 

100.0 

structure 

l.S.  Coast  Guard 

Assist  CRREL  in  measurement  of  ice 

1.4 

1  4 

forces  on  st,  .ctures 

■ 

10.0 

* 

* 

-* 

10.0 

lOfAl  •  ICE  ENGINEERING 

60.0 

176  4 

125.0 

40  0 

- 

• 

67  0 

200  0 

668.4 

( 
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TABLE  IV  (continued) 


ECONOMIC  EVALUATION 


1972  1973  1974  |975  1974  1977  1978  1979(»)  TOTAL 


Economic  Evaluation  of  Work  Group 
activities  and  preparation  of  origin- 
destination  traffic  matrices: 

Corps-Detroit  District  and 
North  Central  Division 
U.S.  Coast  Guard 
St.  Lawrence  Seaway  Development 
Corporation 

Bureau  of  Economic  Analysis 
TOTAL  -  ECONOMIC  EVALUATION 


$2.7  $12.4  $10.0  $6,6  $1.6  S  - 

1.0  - 

3.0  2.0  - 

-  -  85.0  ... 

2.7  15.4  98.0  6.6  1.6 


$7.1  512.5  S  52.9 

1.0 


7.1  12  5  143.9 


Preparation  and  issuance  of  public 
information  brochures  and  news  releases 
and  support  and  coordination  of 
public  information  activities 

Corps  of  Fnginrers  -  Detroit  District 
Great  Lakes  Environmental  Research 
l.ubortory 
ll.S.  Coast  Guard 
St  l.awrence  Seaway  Development 
Corporation 

Maritime  Administration 
Environmental  Protection  Agency 
Cold  Regions  Research  and  Engineering 
Laboratory 

rOTAL  -  PUBLIC  INFORMATION 


PUBLIC  INFORMATION  SUBCOMMITTEE 

. . . . . y  . . 

1972  1973  1974  1975  1976  1977  1978  I979(i)  TOTAI 


$40.8 

$4.5 

$  .7 

$1.3 

£  * 

$158 

5100 

S7.1.I 

1.0 

1.0 

. 

. 

. 

. 

2  0 

.4 

1.0 

.3 

* 

• 

•- 

1  0 

2.7 

1.0 

4 

1.0 

. 

. 

1  0 

!  0 

44 

1  0 

- 

1  0 

• 

• 

1  O 

3  0 

- 

- 

1  0 

• 

1  0 

1  0 

3.0 

I.Q 

10 

1  0 

* 

1  0 

1  0 

SO 

45.2 

7.9 

5  0 

1  3 

- 

19  8 

14  0 

912 

TABLE  IV  (continued) 


ENVIRONMENTAL  EVALUATION 

Coordination  and  Review  of  Environ¬ 
mental  Data  Collection,  EIS’s  and 

Evaluation  of  Individual  Work  Group 
Activities: 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979(1) 

TOTAL 

Environmental  Protection  Agency 

S  4.0 

$13.5 

$  18.6 

S  20.0 

$  24.0 

$  5.0 

5  26.0 

S  26.0 

$  137.1 

U.S.  Fish  and  Wildlife  Service 

10.0 

41.0 

26.0 

26.0 

35.0 

- 

28.6 

26.0 

192.6 

Bureau  of  Outdoor  Recreation 

8.0 

20.0 

14.0 

14.0 

23.0 

4.7 

W 

- 

83.7 

U.S.  Coast  Guard 

Great  Lakes  Environmental  Research 

• 

.3 

4.0 

.3 

19.0 

* 

4.6 

9.0 

37.2 

Laboratory 

2.0 

S.O 

4.0 

4.0 

4.4 

- 

5.0 

4.0 

28.4 

Corps  of  Engineers-  Detroit  District 

- 

7.0 

14.1 

12.1 

18.6 

3.1 

43.8 

13.5 

112.2 

St.  Lawrence  Seaway  Development  Corp. 

- 

- 

- 

- 

- 

• 

20.0 

16.5 

36.5 

Maritime  Administration 

U.S.  Fish  and  Wildlife  Service 

(a)  Fish  Study  and  Turbulence  Effects 
on  Shallow  Water  Sediment 

1.0 

1.0 

and  Organisms 

(b)  Coordinate  Demonstration  Activities 
and  relate  to  total  system 

42.0 

42.0 

investigated  by  the  Survey  Study 
(c)  Study  of  distribution  and  abundance 
of  macrobenthos,  lower  St. 

17.5 

17.5 

Clair  River 

St.  Lawrence  River  Environmental  Study 

21.0 

21.0 

U.S.  Fish  and  Wildlife  Service 

* 

70.0 

225.0 

. 

295.0 

St.  Lawrence  Seaway  Development  Corp. 

- 

- 

* 

- 

199.0 

- 

• 

- 

199.0 

Bureau  of  Outdoor  Recreation 

Corps  of  Engineers  -  St.  Paul  District 

16.0 

160 

Bubbler  system,  Duluth-Superior  Harbor 

Great  Lakes  Basin  Commission 

(a)  Environmental  studies  coordinator 
and  Environmental  Monitoring  Plan 

8.0 

30.0 

38.0 

refinement 

(b)  Evaluation  of  benthic  dislocation 
due  to  an  induced  wave  in 

30  0 

30.0 

an  ice  environment 

(c)  Effects  of  winter  navigation  on  water- 
fowl  and  raptorial  birds,  St 

100 

10.0 

Marys  River 

* 

> 

- 

* 

- 

20  0 

20.0 

TABLE  IV  (continued) 


ENVIRONMENTAL  EVALUATION 

(d)  Effects  of  ship  induced  waves 
in  an  ice  environment  on 

1972 

1973 

1974 

1975 

1974 

1977 

1978 

I979C1> 

TOTAL 

the  St.  Marys  River  ecosystem 
(e)  Ship  induced  waves  -  ice  and 
physical  measurements  on  the 

58  0 

58.0 

St.  Marys  River 

- 

- 

- 

- 

- 

- 

- 

22.0 

22.0 

(0  Fisheries  study 
(g)  Analysis  of  control  sites 
(Paired  Sites)  glaciological 

60.0 

60.0 

and  limnological  portion 
(h)  Comparative  study  -  St  Marys  and 

- 

“ 

’ 

' 

" 

85.0 

85.0 

St.  Lawrence  Rivers 
(i)  Waterfowl,  watcrtnrds,  and  raptors, 

* 

* 

* 

* 

- 

23.1 

23.1 

St.  I^wrence  River 

- 

- 

- 

- 

44  3 

44.3 

TOTAL  -  ENVIRONMENTAL  EVALUATION 

24.0 

94.8 

110.7 

118.4 

356.5 

82.8 

375.0 

447.4 

1609.6 

PROGRAM  MANAGEMENT 

Corps  -  Detroit  District  and 

North  Central  Division 

1972 

1973 

1974 

1975  1976 

1977 

1978 

1979(') 

TOTA1 

1  ravel,  reproduction,  report  preparation, 
pavroll,  organisation,  scheduling, 
planning  and  design  costs  for 
overall  management  of  Demonstration 
Program 

3111  3 

3  181  4  3  192  5  3  216.3  3  343.2 

3  • 

3  140.0 

$  260  0 

8  1.444  7 

St.  Lawrence  Sraway  Development 
(  orporation 

Technical  Review  Panel  review  of 
Demonstration  Program  activities 

- 

• 

- 

30  0 

- 

• 

• 

30  0 

IOI M  -  PROGRAM  MANAGEMENT 

1113 

IXI  4 

192  5 

246.3  343  2 

• 

140  0 

260  (1 

1  474  7 

Reallocation  to  .survey  study 

- 

- 

- 

- 

- 

• 

• 

187.8 

IOI  Al  ♦  Allnaied  or  expended 

Demon*! ration  I'logum  funds 

744  0 

2.374  0 

1,547  5 

1.828  4  2.645  1 

361  0 

2  300  0 

1.868  0 

1  3.66.S  0 

IOIAI  *  Accumulated  funds  Allotted 
IOI  A!  -  Accumulated  1  xpenditurcs 

744  0 
744  0 

3,118.0 
3,022  0 

4.665  5 
4,616  4 

6.493  9  9.139.0 
6.386  2  9  1 37  4 

9  MM)  0 

9  4so : 

1 1  800  0 

1 1  972  7 

|3.PhMI 

1  3  M>s  (1 
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Coast  Guard  Cutter  at  work. 


Genera I  cargo  study 

In  April  of  1 974  the  Bureau  of  Economic  Analysis 
completed  for  the  Winter  Navigation  Board  a  study  en¬ 
titled;  “Extending  the  Great  Lakes-St.  Lawrence 
Seaway  Shipping  Season:  The  Economic  Effects  on 
General  Cargo  and  Related  Industries.’  The  purpose 
of  this  study  was  to  evaluate  the  economic  impact  of 
general  cargo  movements  and  the  further  direct,  in¬ 
direct,  and  induced  economic  effects  on  an  eleven  state 
study  area,  as  a  consequence  of  extending  the  shipping 
season  on  the  Great  Lakes-St.  Lawrence  Seaway.  The 
eleven  state  region  consisted  of  Ohio,  Michigan,  In¬ 
diana,  Illinois,  Wisconsin,  Minnesota,  Iowa, 
Nebraska,  South  Dakota,  North  Dakota,  and  Wyom¬ 
ing. 

The  evaluation  was  based  on  ( I )  primary-impact, 
transport-sensitivity  model,  (2)  a  secondary  economic 
impact  model,  and  (3)  preliminary  aggregate  estimates 
of  the  total  economic  impact  on  the  study  area  as  a 
whole.  Further  refinement  of  the  models  which  was 
planned  for  a  second  phase  of  the  study  was  not  con¬ 
ducted.  The  approach  used  avoids  the  confusion  of 
benefits  due  to  other  public  and  private  investments 
which  would  have  occurred  without  season  extension, 
with  those  due  solely  to  season  extension. 

The  study  indicated  the  study  area  as  a  whole  has 
been  growing  at  a  rate  somewhat  slower  than  the  Na¬ 
tion  in  recent  history  and  the  season  extension 
program,  with  respect  to  general  cargo  movements, 
would  offset  part  of  this  relative  decline,  particularly  in 
the  manufacturing  fates  in  the  study  area.  Informa¬ 
tion  aquired  during  the  study  was  used  in  preparation 
of  the  survey  study. 

Work  group  cost  data 

The  cost  data  compiled  from  each  work  group 
consisted  of  the  material,  installation,  operation,  and 
maintenance  costs  associated  with  a  given  work  activi¬ 


ty.  In  addition,  data  on  the  effectiveness  of  various  ac¬ 
tivities  were  obtained.  The  cost  and  effectiveness  data, 
which  were  collected  during  the  Demonstration 
Program  have  been  evaluated  and  will  be  utilized  to  in¬ 
sure  that  the  most  cost-effective  measures  tested  during 
the  Demonstration  Program  will  be  selected  for  use  in 
any  plans  of  improvement  to  extend  the  navigation 
season.  The  total  costs  of  specific  FY  72-FY  79 
Demonstration  Program  activities,  by  work  group  and 
by  expenditures,  chargeable  to  various  items  are 
depicted  in  Table  IV,  The  FY  79  funds  are  estimated 
costs  pending  financial  closeout. 


Canadian  co-participation 


The  Canadian  Government  has  not,  as  of  this 
writing,  issued  a  formal  statement  regarding  their  posi¬ 
tion  concerning  an  extended  navigation  season.  There 
has  been,  however,  informal  cooperation  between 
various  agencies  of  both  governments  in  an  effort  to 
keep  the  Canadian  Government  informed  about  an 
issue  of  concern  to  both  neighboring  countries. 


Winter  Navigation  Beard  and  Working  Com¬ 
mittee 

In  an  observer  status,  Canadian  representation 
throughout  the  Demonstration  Program  has  been  pre¬ 
sent  on  both  the  Winter  Navigation  Board  and  the 
Working  Committee.  The  St.  Lawrence  Seaway 
Development  Corporation  has  worked  closely  with  its 
operational  Canadian  counterpart.  The  St.  Lawrence 
Seaway  Authority,  and  the  Canadian  Marine 
Transportation  Administration. 
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The  Canadian  Griffon  breaks  ice  in  the  St  Marys 
River 


Winter  navigation  from  Montreal  to  the  Atlanta 
Ocean 

There  is  curremly  navigation  year-round  from  the 
Atlantic  Ocean  as  far  as  Montreal  on  the  St.  Lawrence 


River.  In  addition  to  conventional  icebreakers  the 
Canadians  have  used  on  an  operational  basis  a  sell- 
propelled  air  cushion  vehicle,  both  lor  icebreaking  and 
Hood  control  purposes 
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The  Canadian  Marine  Transportation  Ad¬ 
ministration,  Ministry  of  Transport,  has  prepared  An¬ 
nual  Reports  on  data  collection  on  the  Great  Lakes-St. 
Lawrence  Seaway  System.  Included  in  these  reports 
are  studies  on  ice  coverage  and  conditions  as  observed 
both  from  their  icebreaking  research  vessels  and  from 
aerial  fly-overs.  In  addition,  the  Canadians 
documented  ice  thickness,  shore  observations,  hydro¬ 
meteorological  data,  icebreaking  operations  and 
operational  problems  as  they  occurred  The  data 
collected  are  intended  to  be  compared  with  past  and 
possibly  future  studies  pertaining  to  an  extension  of 
the  navigation  season. 


Canadian  Coast  Guard  air  cushion  vehicle, 
Voyagcur,  in  action. 
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Bow  mounted  air  cushion  vehicle,  Iceatei,  tests. 
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Joint  U.S.-Canadian  Icebreaking  Guide 

The  U.S.  and  Canadian  Coast  Guards  cooperated 
in  the  publication  of  a  Joint  U.S.  Coast  Guard- 
Canadian  Coast  Guard  Guide  to  Great  Lakes  Ice 
Navigation  to  coordinate  the  standardized  ice  naviga¬ 
tion  activities.  The  guide  summarizes  information 
available  to  shippers  with  regard  to  communication 
and  reporting  procedures  for  ships  leaving  ports,  up- 
to-date  ice  chart  broadcasts,  weather  forecasts  and 
winter  navigation  data  transmitted  periodically  by  the 
Ice  Navigation  Center,  Advice  and  requirements  for 
ships  operating  in  ice  both  independently  and  with 
icebreaker  support  is  supplied  in  the  publication  as 
well.  The  guide  also  provides  a  summary  of  anticipated 
ice  conditions  through  the  Great  Lakes. 

Seaway  Corporation/  Seaway  Authority  coordina¬ 
tion 

The  two  Seaway  entities,  the  St.  Lawrence 
Seaway  Development  Corporation  of  the  United 
States  and  the  St.  Lawrence  Seaway  Authority  of 
Canada  are  authorized  by  their  respective  enabling 
legislation  to  coordinate  their  activities  directly. 
Season  extension  coordination  between  the  entities 
has  proceeded  under  this  same  authority.  One  example 
of  coordination  includes  the  frequent  meetings 
between  the  entities  each  year  to  reach  agreement  on 
navigation  season  closings  and  openings.  In  addition,  a 
joint  SLSDC/SLSA  task  group  on  navigation  season 
extension  coordinates  study  efforts  and  data  exchange 
and  proposes  joint,  in-house  programs  for  incremental 
extensions.  Finally,  Seaway  Authority  representatives 
have  participated  as  observers  on  the  Ice  Control 
Work  Group  (chaired  by  SLSDC)  and  the  Ad  Hoc 
Committee  on  St.  Lawrence  River  Demonstration  Ac- 
tivn.es  (chaired  by  NOAA-GLERl.). 


Public  involvement 


St.  Marys  River  Operational  Plan 

Near  the  end  of  each  year  at  Sault  Ste.  Marie, 
Michigan,  participating  agencies,  organizations, 
governments  an.;  businesses  with  a  common  interest  in 
the  St.  Marys  R.uf  Demonstration  Program  meet  to 
look  ahead  at  the  i  r  ming  year.  The  purpose  of  the 
meeting  is  to  develop  <t  plan  which  will  allow  the  St. 
Marys  River  system  to ! i nction  as  normally  as  possible 


and  at  the  same  time  to  allow  commercial  navigation  to 
continue  as  long  as  possible  into  the  winter  season. 

Primary  elements  in  the  planning  involve 
provisions  for  the  transportation  of  inhabitants  for  the 
four  major  islands  in  the  area  and  for  icebreaking  ac¬ 
tivity.  Also  included  in  the  procedure  are  steps  for  the 
halting  of  ship  traffic  in  the  system  should  island 
transportation  be  jeopardized.  At  the  conclusion  ofthe 
annual  meeting,  a  press  conference  is  held  to  provide 
concerned  local  residents  with  information  relating  to 
the  coming  year.  In  FY  78  the  meeting  was  followed  by 
a  public  meeting  to  permit  area  residents  to  discuss 
their  views. 

Public  meetings  and  workshops 

Public  involvement  in  the  planning  process  is  a 
vital  key  to  public  acceptance  and  to  the  eventual  im¬ 
plementation  of  a  plan.  Public  meetings  and  public 
workshops  are  two  methods  of  achieving  effective  in¬ 
volvement. 

Public  meetings  were  established  to  inform  the 
public  about  studies  and  proposals  relating  to  the 
winter  navigation  program  and  to  provide  an  informal 
arena  for  the  exchange  of  views  and  pertinent  informa¬ 
tion.  The  workshops,  on  the  other  hand,  functioned  in 
a  small,  less  structured  format  in  which  mixed  in¬ 
terested  groups  discussed  issues  and  recommended 
problem  solutions 

On  17  February  1973  a  public  meeting  was  held  at 
St.  Ignace.  Michigan.  As  the  result  of  a  Congressional 
inquiry  the  Detroit  District  Engineer  attended  as  a 
representative  of  the  Winter  Navigation  Board.  The 
meeting  was  scheduled  with  residents  of  Drummond 
Island.  Chippewa  County  officials,  the  U.S.  Coast 
Guard,  and  the  U.S.  Army  Corps  of  Engineers  to  hear 
complaints  from  area  residents  on  Drummond  Island 
concerning  interruption  of  ferry  service  allegedly 
resulting  from  the  extended  navigation  season.  The 
meeting  resulted  in  a  study  of  conditions  at  Drum¬ 
mond  Island  which  concluded  that  Winter  Navigation 
had  no  effect  on  Drummond  Island  ferry  operations. 

A  public  workshop  was  held  in  July  1975  at  Sault 
Ste.  Marie,  Michigan,  to  obtain  public  views,  ideas  and 
concerns  regardingtheeffectsand  problems  relating  to 
the  safe  management  of  shorelines  affected  by  winter 
vessel  transits.  The  workshop  also  included  the  presen¬ 
tation  ofthe  results  of  a  study  conducted  in  1974  on  the 
effects  of  winter  navigation  to  this  shoreline. 

A  public  meeting  was  also  held  January  1977  at 
the  Soo  to  obtain  public  needs  and  viewpoints  relative 
to  the  navigation  season  extension  survey  and  the 
Demonstration  Program.  Concepts  dealing  with  the 


future  directions  of  both  the  Survey  and  the 
Demonstration  Program  were  presented  to  the  public 
in  Cleveland  in  October  1977. 

On  I  August  1978  a  public  meeting  was  held  in 
Alexandria  Bay,  New  York.  The  purpose  of  the 
meeting  was  to  inform  the  residents  of  the  St. 
Lawrence  River  of  the  preparations  the  Winter 
Navigation  Board  proposed  for  the  demonstration  on 
the  St.  Lawrence  River  for  the  winter  of  1978-79  and  to 
answer  their  questions  relating  to  those  plans. 

Winter  Navigation  Board  and  Working  Committee 
meetings 

Throughout  the  eight  years  of  the  program  32 
Board  meetings  and  42  Working  Committee  meetings 
have  been  held  at  various  locations  on  the  Great  Lakes- 
St.  Lawrence  Seaway  system.  At  these  meetings  the 
various  involved  agencies  discuss  the  progress  and 
goals  of  Winter  Navigation  activities.  The  meetings  are 
open  to  the  public  and  members  of  the  public  are 
allowed  to  provide  formal  statements  on  their  views. 

Public  opinion 

The  Demonstration  Program  and  Survey  Study 
are  separate  and  distinct.  Each  has  a  separate  function 
as  described  in  the  authorizing  legislation. 

Potential  impacts  which  may  result  from  an  ex¬ 
tended  navigation  season  have  made  season  extension 
on  the  Great  Lakes  and  St.  Lawrence  Seaway  System  a 
controversial  issue.  Public  involvement  activities  have 
served  to  highlight  these  concerns. 

Governmental,  organizational,  and  individual  en¬ 
vironmental  concerns  have  raised  objections  to  the  ex¬ 
tension  of  the  season.  Opposition  has  also  been  voiced 
by  others,  including  the  State  of  New  York,  the  New 
York  Department  of  Environmental  Conservation 
(NYDEC),  hydroelectric  power  entities  (Power 
Authority  of  the  State  of  New  York,  Soo  Edison), 
sport  groups,  and  tourism  concerns.  Riparians, 
affected  island  residents,  freight  railroads,  and  coastal 
zone  management  agencies  have  raised  issues  of  con¬ 
cern.  Certain  Congressmen  and  some  trade  unions  as 
well  as  some  private  citizens  are  opposed  to  the  exten¬ 
sion  of  the  navigation  season. 


Coast  Guard  Cutter  at  work. 


Those  who  are  in  favor  of  the  season  extension  of 
the  System  include  industrial  interests,  including  those 
of  steel,  grain,  power,  coal,  petroleum  and  mining, 
domestic  and  foreign  shippers  (import  and  export)  and 
ship  owners  and  operators.  The  St.  Lawrence  Seaway 
Authority  and  several  Port  Authorities  support  the 
program.  Proponents  also  include  some  Congressmen 
and  trade  unions  and  some  private  citizens.  The  State 
of  Michigan  has  issued  a  statement  supporting  a 
modest,  yet  flexible,  extension  on  the  upper  four  Great 
Lakes,  provided  a  number  of  environmental, 
economic,  and  operational  conditions  are  met. 


126 


Others  have  expressed  concern,  but  remain  un¬ 
committed  at  this  writing.  Tne  States  of  Wisconsin, 
Minnesota,  Illinois,  Indiana,  Ohio,  Pennsylvania,  and 
the  Government  of  Canada  have  not  issued  formal 
statements  regarding  thtir  position. 

The  controversy  with  navigation  season  extension 
is  based  on  a  number  of  issues. 

Agencies  with  environmental  expertise  and 
responsibilities  and  environmentalists  point  out  poten¬ 
tial  damage  to  natural  resources  (fisheries,  wildlife, 
etc.),  and  possible  adverse  effects  of  dredging.  The 
results  of  an  environmental  assessment  (NYDEC)  in¬ 


dicated  irreversible  adverse  effects  to  the  environment 
due  to  the  Demonstration  Program. 

Potential  shore  erosion  and  shorn  structure 
damage  are  a  major  issue  of  contention.  The  threat  of 
oil  and  hazardous  substance  spills,  possible  changes  to 
levels  and  flows  in  the  system,  and  cross-channel 
transportation  (island-mainland),  are  also  issues. 
Private  industry  and  governmental  agencies  have 
questioned  whether  water  intakes  and  sewer  outflows 
will  be  affected  by  projected  water  levels  in  the 
program. 

Tourism,  railroad  concerns,  and  riparians  have 
raised/brought  up  the  matter  of  potential  economic 
losses  of  season  extension.  Social  problems  involve 
port  personnel  (schedules,  safe  working  conditions) 
and  recreation  (ice  fishing,  snowmobiling,  etc.).  Power 
entities  question  the  liability  regarding  flooding,  and 
the  potential  problems  of  winter  navigation  though  ice 
booms,  which  are  installed  to  provide  a  stable  ice  cover 
above  generating  plants. 

Winter  Navigation  Seminar 

In  December  1973,  the  Department  of  the  Army 
sponsored  a  Great  Lakes  and  St.  Lawrence  Seaway 
navigation  seminar  at  Detroit.  The  purpose  of  the 
seminar  was  to  furnish  the  public  with  further  informa¬ 
tion  regarding  the  winter  navigation  program  and  to 
provide  a  forum  for  the  expression  of  views  and  discus¬ 
sion  by  all  parties  with  an  interest  in  the  program. 

Public  Information  Brochures 

Another  effective  means  of  public  involvement  is 
the  use  of  concise  information  publications.  During 
-  first  two  years  of  the  program,  two  fact  sheets  were 
.d,  Mating  the  purpose  of  the  program  and 
r  ior  program  activities.  In  May  1978,  the  publica¬ 
tion,  Winter  Navigator  was  put  out  by  the  Public  In¬ 
volvement  Sub-Committee. 


Great  Lakes  tug  assists  carrier. 


PART  IV:  FINDINGS  AND  CONCLUSIONS 


Findings:  The  overall  finding  during  the  eight 
years  of  the  Demonstration  Program  is  that  the 
traditional  navigation  season  on  the  Great  Lakes-St. 
Lawrence  Seaway  System  has  been  successfully  ex¬ 
tended. 

Commercial  navigation  has  successfully  been  ex¬ 
tended  beyond  the  historic  closing  date  of  16 
December  on  the  upper  four  Great  Lakes  and  connec¬ 
ting  channels  during  every  year  of  the  program.  Year- 
round  shipping  was  achieved  during  the  latter  five 
years.  On  the  St.  Lawrence  River,  where  historically 
the  season  extended  from  mid-April  to  early 
December,  the  longest  commercial  season  in  history 
was  recorded  in  1975  with  a  25  Marchopeninganda20 
December  closing 

As  discussed  in  the  following  paragraphs,  specific 
findings  resulted  from  Demonstration  Program  ac¬ 
tivities  in  the  areas  of  ship  movement  through  ice. 
navigation  aids,  ice  and  weather  information,  crew 
safety  and  survival,  ice  control,  and  island  transporta¬ 
tion.  In  addition,  under  an  ongoing  program,  year- 
round  lock  operation  was  demonstrated. 

/.  Movement  of  vessels  through  winter  ice  con¬ 
ditions  was  demonstrated 

The  use  of  preventative  icebreaking  and  the  use  of 
ship  convoys  were  useful  tools  in  moving  vessels 
through  ice.  The  use  of  air  bubbler  systems  and  a  ther¬ 
mal  ice  suppression  system  were  both  effective  in 
melting  or  reducing  ice  cover  and  easing  vessel  move¬ 
ment  through  areas  of  stable  ice  cover.  The  air  bubbler 


systems  also  allowed  vessels  to  maneuver  in  confined 
areas  of  the  Duluth-Superior  Harbor.  The  bubbler 
system  at  the  Lime  Island  Turn  in  the  St.  Marys  River 
showed  the  practicability  of  this  type  of  system  in 
reducing  ice  thicknesses  in  a  river  and  demonstrated  its 
use  in  aiding  the  turning  of  the  long  lake  vessels. 

2.  Navigation  aids  suitable  for  use  in  varying  ice 
and  weather  conditions  were  onlv  partially  successful. 

Specially  designed  ice  buoys  for  use  under  ice  con¬ 
ditions  showed  some  success,  but  due  to  their  limited 
utility,  emphasis  was  placed  on  developing  various 
electronic  navigation  systems.  A  mini-Loran  C  naviga¬ 
tion  system  was  used  on  the  St.  Marys  River,  but  its  ac¬ 
curacy  within  narrow  channels  has  not  yet  been 
demonstrated.  A  Precise  All  Weather  Navigation 
System  ( PAWNS)  was  not  fully  demonstrated  during 
the  program.  Radar  transponder  beacons  (RACONS) 
successfully  extended  the  range  and  utility  of  ship¬ 
board  radar  units 


J.  Weather  and  ice  information  are  required  bv 
vessel  operators  for  safe  transit  through  the  system. 

Weather  and  ice  information  was  disseminated  by 
a  special  Ice  Navigation  Center  at  the  Ninth  Coast 
Guard  District  Headquarters  in  Cleveland,  Ohio  in 
coordination  with  the  National  Weather  Service. 
Aerial  reconnaissance  and  Side-Looking  Airborne 
Radar  (SLAR).  were  sucessfully  used  as  inputs  to  the 
ice  information  portion  of  the  program.  The  aerial 
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reconnaissance  and  SLAR  provided  real-time  infor-  program  with  no  major  ice  problems  occurring, 

mation  on  the  extent  of  ice  cover.  Methods  of  Similar,  but  limited,  demonstrations  were  conducted 

providing  both  long  and  short  range  ice  forecasts  tor  at  Copeland  Cut  in  the  St.  Lawrence  River  with  the 

all  areas  of  the  Great  Lakes  were  developed  by  the  same  results.  Model  studies  were  conducted  in  FY  79 

National  Oceanic  and  Atmospheric  Administration.  to  determine  the  type  and  effectiveness  of  ice  control 

Iceforecastservicesarefurnished  by  National  Weather  structures  needed  at  the  head  of  the  St.  Clair  River. 
Service  Forecast  offices  in  Ann  Arbor,  Michigan,  and 

Buffalo,  New  York.  A  model  was  developed  to  predict  6.  Operations  at  the  locks  at  Sault  Ste.  Marie, 

the  ice  breakup  period  in  the  St.  Lawrence  River,  The  Michigan,  demonstrated  that  year  round  lock 

ice  breakup  forecast  technique  is  used  to  allow  advance  operations  are  possible. 

scheduling  of  ocean  trade  vessels  into  the  system. 

Under  ongoing  investigations,  systems  for 
winterizing  lock  operating  machinery  were  successful- 
4.  Crew  safety  and  survival  can  be  aided  by  tested  |y  demonstrated.  The  use  of  co-polymer  coatings  and 

and  approved  survival  equipment.  steamlines  were  effective  in  removing  ice  from  lock 

walls.  A  bubbler  system  and  air  curtain  were  effective 
Crew  safety  and  survival  in  an  extended  season  in  keeping  floating  ice  out  of  gate  recesses  and  limiting 

were  given  considerable  attention.  The  Coast  Guard  the  amount  of  ice  entering  locks.  Protective  housing 

field  tested  and  evaluated  a  variety  of  personnel  ex-  and  the  use  of  heated  cables  helped  prevent  ice  buildup 

posurc  suits  and  survival  equipment.  Several  types  of  on  lock  gate  machinery, 

exposure  suits  have  been  approved  for  use  by  shippers 

by  the  Coast  Guard  Emergency  Position  Indicating  7.  Extended  season  navigation  has  the  potential  to 

Radio  Beacons  (EPIRBs)  and  hand  held  radar  contribute  to  shore  erosion  problems  and  increased 

transponders  have  shown  effectiveness  in  pinpointing  damage  to  docks. 

the  location  of  both  ships  and  personnel,  enhancing  the 

efficiency  of  search  and  rescue  operations.  Studies  conducted  during  the  program  have  in¬ 

dicated  that  winter  navigation  has  the  potential  to  con- 
.5.  Ice  control  structures  can  be  designed  to  permit  tribute  to  increased  shore  erosion  and  damage  to  docks 

navigation  through  them  while  maintaining  a  stable  ice  in  limited  areas  of  the  connecting  channels  including 

cover  and  minimising  ice  tarns.  the  St  Marys,  St.  Clair  and  St.  Lawrence  Rivers. 

Further  investigation  is  required  to  distinguish 
Ice  jams  in  constricted  portions  of  the  system.es-  between  that  damage  occuring  below  the  ordinary  high 

pecially  the  St.  Marys.  St.  Lawrence,  and  St.  Clair  water  mark  which  is  caused  by  ship  movement  in  ice 

Rivers,  can  prevent  the  passage  of  all  but  a  few  vessels  and  that  caused  by  natural  ice  movement, 

with  substantial  ice  operating  capabilities  The  jams 

also  cause  flooding  problems  and  in  some  cases  reduce  g.  Transportation  for  island  residents  can  be  mam- 

the  flow  of  water  to  power  plants  and  municipal  in-  tamed  while  permitting  navigation  through  the  area. 

takes.  The  annual  installation  of  a  navigation  ice  boom 

and  other  structures  at  the  head  of  Little  Rapids  Cut  in  To  test  means  of  improving  the  ice  operating 

the  Si.  Marys  River  allowed  vessel  movement  to  con-  capabilities  of  the  Sugar  Island  ferry,  several 

tinue  year-round  during  four  of  the  last  five  years  of  the  modifications  were  made  to  its  hull  and  power  corn- 
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ponents.  These  modifications  enabled  the  ferry  to 
operate  in  moving  ice  floes.  The  installation  of  the  St. 
Marys  River  ice  boom  above  Little  Rapids  Cut  reduc¬ 
ed  the  amount  of  ice  moving  down  the  Cut,  further  in¬ 
creasing  the  ferry’s  capabilities.  Additionally,  the  in¬ 
stallation  of  an  air  bubbler-flusher  unit  at  the  Sugar 
Island  ferry  mainland  dock,  to  create  a  surface  current 
to  physically  flush  ice  away  from  the  dock,  enabled  the 
ferry  to  land  more  easily.  An  airboat  was  utilized  at 
Lime  Island  to  provide  transportation  for  the  residents 
of  that  Island.  During  the  program,  several  im¬ 
provements  were  made  to  the  airboat  but  the  residents 
have  expressed  dissatisfaction  with  this  form  of 
transportation. 

9.  Unresolved  questions  precluded  actual 
demonstration  of  extended  commercial  navigation  on 
the  St.  Ixtwrence  River. 

The  upper  four  Great  Lakes  and  their  connecting 
channels  are  significantly  different,  both  physically 
and  administratively,  from  the  lower  portion  of  the 
system. 

On  the  upper  four  Great  Lakes,  the  program  was 
carried  out  essentially  in  the  United  States  waters  and 
did  not  require  co-participating  involvement  of 
Canada.  In  the  St.  Lawrence  Seaway,  activities  were  in 
the  waters  of  both  Canada  and  the  United  States  and 
could  not  be  implemented  to  the  same  extent,  that  is  in¬ 
cluding  full  vessel  tests  and  similar  winter  operations, 
without  substantial  improvements  in  the  all-Canadian 
portion  of  the  St.  Lawrence  River.  In  addition,  opposi¬ 
tion  by  power  entities  initially  delayed  Demonstration 
Program  execution  on  the  St.  Lawrence  Seaway  por¬ 
tion  of  the  system. 

The  Board  under  these  circumstances  stressed 
operation  on  the  upper  four  Great  Lakes  in  order  to 
obtain  prototype  information  and  delayed  such  tests  in 
the  St.  Lawrence  River  towards  the  end  of  the  program 
in  the  belief  that  sufficient  technical  data  would  be  ac¬ 
quired  in  the  course  of  the  program  to  allow  resolution 
of  the  questions  raised  by  local  interests  and  New  York 
State.  Strong  opposition  by  local  interests,  including 
the  State  of  New  York,  finally  precluded  full 
Demonstration  Program  execution  on  the  St. 
Lawrence  Seaway  portion  of  the  system. 

In  their  1976  report  the  Board  requested  that  in 
view  of  these  circumstances  on  the  St.  Lawrence 
Seaway,  Congress  provide  two  additional  years  and 
appropriate  funding  to  carry  out  the  St.  Lawrence 
Program  including  vessel  tests.  This  funding  and 
authority  were  provided,  but  the  issues  could  not  be 


resolved  and  comprehensive  vessel  tests  were  never 
carried  out. 

10.  Sufficient  data  on  the  effects  of  extended 
season  navigation  on  the  Great  Lakes  environment  are 
not  currently  available. 

A  limited  number  of  environmental  studies  have 
been  conducted  on  some  of  the  demonstration 
program  activities.  While  this  does  not  comprise  a 
complete  analysis,  adverse  impacts  to  the  environment 
have  not  been  documented  in  the  areas  that  have  been 
investigated.  Several  baseline  studies  have  been  ac¬ 
complished  but  they  are  not  sufficient  to  make 
judgments  as  to  the  long  range  effects  of  the  program. 
The  New  York  Department  of  Environmental  Conser¬ 
vation  has  completed  a  study  for  the  Winter  Naviga¬ 
tion  Board  indicating  irreversible  adverse  iffects  to  the 
environment  would  occur  and  partially  base  their  ob¬ 
jection  to  the  program  on  that  study. 

Conclusions:  The  overall  conclusion  is  that  the 
practicability  of  navigation  season  extension  on  the 
upper  four  lakes  of  the  Great  Lakes-St.  Lawrence 
Seaway  system  has  been  successfully  demonstrated. 

The  eight  years  of  the  demonstration  program 
have  shown  that  technically  an  extension  of  the 
traditional  navigation  season  is  practicable.  Several 
issues  still  need  to  be  resolved  before  a  permanent 
season  extension  could  be  implemented. 

1.  Before  the  practicability  of  winter  navigation 
in  the  St.  Lawrence  River  can  be  determined,  it  must  be 
demonstrated  that  certain  existing  ice  control  struc¬ 
tures  and  related  ice  fields  can  be  safely  transited 
without  disrupting  the  integrity  of  the  ice  fields  and 
adversely  affecting  regulated  water  levels  and  flows  of 
the  river. 

2.  Significant  amounts  of  environmental  baseline 
data  need  to  be  collected  to  establish  parameters 
against  which  to  evaluate  the  extended  season  ac¬ 
tivities  and  to  form  part  of  the  basis  for  measures  and 
practices  that  may  be  necessary  to  protect  the  natural 
resources  of  the  system. 

3.  The  United  States  Government  needs  to  seek 
appropriate  Canadian  participation  in  future  extended 
season  a  nivities.  Their  participation  is  essential  before 
overseas  commercial  shipping  in  the  system  can  be  ex¬ 
tended. 


Aerial  shows  winter  operation  a*  U.S.  Seaway  lock. 


V.  THE  FUTURE 


The  concept  of  a  Demonstration  Program,  as  en¬ 
visioned  by  the  Congress  in  the  authorizing  legislation, 
has  provided  a  unique  and  invaluable  opportunity  for 
determining  the  problems,  identifying  the  issues  and 
testing  site  specific  solutions  for  extended  season 
navigation  on  the  Great  Lakes  and  St.  Lawrence 
Seaway  navigation  system.  In  final  perspective,  the 
Program  has  significantly  increased  the  understanding 
of  the  winter  environment  and  it'  complex¬ 
ity  and-  has  measurably  advanced  the  state-of-’he- 
art  of  ice  navigation. 

The  Program  has  also  had  as  an  objective  the  need 
to  provide  to  Congress,  and  to  bring  to  all  interests,  a 
timely  and  meaningful  overview  of  the  possibility  of 
safe  and  practical  year-round  navigation  on  the  Fourth 
Seacoast  of  the  United  States.  In  this  objective  it  has 
provided  the  opportunity  for  industry,  labor  and  in¬ 
terested  society  in  general  to  examine,  to  investigate 
and  to  evaluate  the  issues  and  potential  benefits  and 
costs  of  winter  navigation.  This  in  itself,  while  fostering 
questions  and  controversy,  has  been  a  cont»”iing 
measure  of  the  importance  and  value  of  the  enabling 
legislation. 


This  Demonstration  Program  Final  Report  does 
not  contain  recommendations  concerning  implenvn- 
tation  of  a  navigation  season  extension.  However  the 
resultsand  conclusions  obtained  over  the  span  of  eight 
years  covered  by  the  program  are  being  used  for  for¬ 
mulating  future  plans,  programs  and  recommen¬ 
dations  to  Congress  under  the  survey  study  authority 
of  Section  107(a).  Public  Law9l-6I  I.  of  the  1970  River 
and  Harbor  Act. 

Section  107(a)  provides  for  a  survty  study  to 
determine  the  feasibililv  of  means  of  extending  the 
navigation  season  on  the  Great  Lakes  and  St. 
t.awrence  Seaway  System  and  to  determine  the  extent 
of  Federal  interest,  if  any,  in  an  extended  navigation 
season.  The  Final  Report  for  the  survey  study  is 
currently  being  prepared  by  the  U.S.  Army  Corps  of 
Engineers  and  is  scheduled  to  be  released  to  the  public 
on  31  December  1979  upon  issuance  of  the  Division 
Engineer.  North  Central  Division,  notice.  The  Final 
Report  would  then  be  forwarded  to  the  Chief  of 
Engineers  office  for  Washington  level  review  and  coor¬ 
dination  prior  to  submittal  of  the  report  to  the  Con¬ 
gress. 
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Authority 


1970  River  and  Harbor  Act  (PL  91-611,  December  31, 
1970). 


SECTION  107,  River  and  Harbor  Act  of  1970 

(a)  The  Secretary  of  the  Army,  acting  through  the 
Chief of  Engineers,  is  authorized  to  conduct  a  survey  of 
thy  Great  Lakes  and  St.  Lawrence  Seaway  to  deter - 
tpine  the  feasibility  of  means  of  extending  the  naviga¬ 
tion  season  in  accordance  with  the  recommendations 
of  the  Chief  of  Engineers  in  his  report  entitled  "Great 
Lakes  and  St.  Lawrence  Seaway— Navigation  Season 
Extension". 

(b)  The  Secretary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  in  cooperation  with  the 
Departments  of  Transportation,  Interior,  and  Com¬ 
merce,  including  specifically  the  Coast  Guard,  the  St. 
Lawrence  Seaway  Development  Corporation,  and  the 
Maritime  Administration;  the  Environmental  Protec¬ 
tion  Agency;  other  interested  Federal  agencies,  and 
Non-  Federal  public  and  private  interests,  is  authorized 
and  directed  to  undertake  a  program  to  demonstrate 
the  practicability  of  extending  the  navigation  season 
on  the  Great  Lakes  and  St.  Lawrence  Seaway.  Such  a 
program  shall  include,  but  not  be  limited  to,  ship 
voyages  extending  beyond  the  normal  navigation 
season;  observation  and  surveillance  of  ire  conditions 
and  ice  forces,  environmental  and  ecological  in¬ 
vestigations;  collection  of  technical  data  related  to  im¬ 
proved  vessel  design;  ice  control  facilities,  ard  aids  to 
navigation;  physical  model  studies;  and  coordination 
of  the  collection  and  dissemination  of  information  to 
shippers  on  weather  and  ice  conditions.  The  Secretary 
ol  the  Army,  acting  through  the  Chief  of  Engineers. 


shall  submit  a  report  describing  the  results  of  the 
program  to  the  Congress  not  later  than  July  30, 1974. 
There  is  authorized  to  be  appropriated  to  the  Secretary 
of  the  Army  not  to  exceed  $6,500,000  to  carry  out  this 
subsection. 

(c)  The  Secretary  of  Commerce,  acting  through 
the  Maritime  Administration,  in  consultation  with 
other  interested  Federal  agencies,  representatives  of 
the  merchant  marine,  insurance  companies,  industry, 
and  other  interested  organizations,  shall  conduct  a 
study  of  ways  and  means  to  provide  reasonable  in¬ 
surance  rates for  shippers  and  vessels  engaged  in  water¬ 
borne  commerce  on  the  Great  Lakes  and  the  St. 
Lawrence  Seaway  beyond  the  present  navigation 
season,  and  shall  submit  a  report,  together  with  any 
legislative  recommendations,  to  Congress  by  June  30, 
1971." 


Water  Resources  Development  Act  of  1974  (PL  93* 
2S1,  March  7,  1974). 


Sec.  70.  Section  107(b)  of  the  River  and  Harbor  Act  of 
1970  (84  Stat.  1818.  1820)  is  hereby  amended  by 
deleting  "July  30.  1974"  and  inserting  in  lieu  thereof 
"  December  3  /.  /  976",  and  deleting  "$ 6,500,000 ’  and  In¬ 
serting  in  lieu  thereof  “$9,500,000." 


Water  Resources  Development  Act  of  1976  (PL  94* 
587,  October  22,  1976), 


Sec.  107.  Section  107(b)  of  the  River  and  Harbor  Act 
of  1970  (84  Stat.  1818,  1820),  as  amended,  is  further 
amended  by  striking  out  "December  31,  1976"  and  in- 
s,  :rng  in  lieu  thereof  "September  30,  1979 "  and  strik¬ 
ing  out  ’$ 9,500,000 "  and  inserting  in  lieu  thereof"$IS.- 
968,000".  Such  section  I07(b)is  further  amended  in  the 
second  sentence  thereof  by  striking  out  "environmental 
and  ecological  investigation f  and  inserting  in  lieu 
thereof  "environmental  and  ecological  investigations, 
including  an  investigation  of  measures  necessary  to 
ameliorate  any  adverse  impacts  upon  local  com¬ 
munities,-" 
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MEMOKAMJlM  U-  1LNP*  >-.Vi  K\i;r< 


Grtit  Lakes  and  Saint  Lawrence  Seaway  Navigation 
Season  Extension  Demonstration  Program 

Between 

U.S.  Army  Corps  of  Engineers 
Maritime  Administration 
U.S.  Coast  Guard 

St.  Lawrence  Seaway  Development  Corporation 
National  Oceanic  &  Atmospheric  Administration 
Environmental  Protection  Agency 
Department  of  the  Interior 
federal  Power  Commission 

L'  This  Memorandum  of  Understanding  prescribes 
the  organization  and  procedures  for  managing,  coor¬ 
dinating  and  reporting  on  the  program  authorized  by 
Section  107(b)  of  Public  Law  91-611  to  demonstrate 
the  practicability  of  extending  the  navigation  season 
on  the  Great  Lakes  and  Saint  Lawrence  Seaway.  It 
covers  the  Federal  agencies  participating  in  the 
program  and  their  relations  with  other  program  par¬ 
ticipants. 

2.  AUTHORIZATION 

Section  107(b)  of  the  1970  Rivers  and  Harbors  Act 
(P.L.  91-61 1)  provides. 

“The  Sec-clary  of  the  Army,  acting  through  the 
Chief  of  Engineers,  in  cooperation  with  the 
Departments  of  Transportation,  Interior,  and  Com¬ 
merce,  including  specifically  the  Coast  Guard,  the 
Saint  Lawrence  Seaway  Development  Corporation, 
and  the  Maritime  Administration;  the  Environmental 
Protection  Agency;  other  interested  Federal  agencies, 
and  .ion-Federal  public  and  private  interests,  is 


authorized  and  directed  to  undertake  a  program  to 
demonstrate  the  practicability  of  extending  the  naviga¬ 
tion  season  on  the  Great  Lakes  and  Saint  Lawrence 
Seaway.  Such  program  shall  include,  but  not  be 
limited  to,  ship  voyages  extending  beyond  the  normal 
navigation  season;  observation  and  surveillance  of  ice 
conditions  and  ice  forces;  environmental  and 
ecological  investigations;  collection  of  technical  data 
related  to  improved  vessel  design;  ice  control  facilities, 
aids  to  navigation;  physical  model  studies;  and  coor¬ 
dination  of  the  collection  and  dissemination  of  infor¬ 
mation  to  shippers  on  weather  and  ice  conditions.  The 
Secretary  of  the  Army,  acting  through  the  Chief  of 
Engineers,  shall  submit  a  report  describing  the  results 
of  the  program  to  the  Congress  not  later  than  July  30, 
1974.  There  is  authorized  to  be  appropriated  to  the 
Secretary  of  the  Army  not  to  exceed  $6,500,000  to 
carry  out  this  subsection.’ 

3.  ORGANIZATION 

The  demonstration  program  will  be  carried  out  by 
elements  of  the  Federal  Government,  other  public 
agencies,  and  private  entities  as  prescribed  by  law.  The 
organization  for  management,  coordination  and 
reporting  will  be  as  shown  on  the  chart  in  Inclosure 
#1.* 

Lead  Agencies,  The  investigation  and  demonstra¬ 
tion  activities  under  the  program  will  be  divided  initial¬ 
ly  into  seven  program  elements.  One  of  the  Federal 
agencies  will  be  responsible  as  lead  agency  for  execu¬ 
tion  of  each  program  element,  in  accordance  with  th* 
program  assignments  shown  in  Inclosuro  #1.*  Each 
lead  agency  will  carry  out  its  element  of  the  orogram 
with  its  own  forces,  with  support  from  other  govern- 

•Organization  chart  is  shown  on  page  30  of  this  report. 
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mcnt  agencies,  and  by  contract  at  its  own  discretion. 
The  lead  agency  for  each  program  element  will  form 
and  chair  a  work  group  of  representatives  of  all  agen¬ 
cies  participating  in  that  program  element,  in  order  to 
establish  definite  points  for  coordination  of  program 
participation. 

Board.  A  Board  of  senior  field  representatives  of  the 
participating  Federal  agencies  and  invited  non-Federal 
public  and  private  interests  will  coordinate  planning, 
programming,  budgeting,  execution  and  reporting  of 
investigations  and  demonstration  activities.  The  Divi¬ 
sion  Engineer,  North  Central  Division,  Corps  of 
Engineers,  will  serve  as  Chairman  of  the  Board.  Board 
members  will  forward  coordinated  recommendations 
to  their  respective  headquarters  in  Washington,  where 
they  will  receive  normal  departmental  review  and  in¬ 
terdepartmental  coordination  before  transmittal  by 
the  Secretary  of  the  Army  to  the  Office  of  Management 
and  Budget  and  the  Congress. 

Working  Committee.  A  Working  Committee  of 
representatives  of  participating  Federal  agencies  and 
invited  non-Federal  public  and  private  interests,  will 
provide  continuous  coordination  of  programactivities 
and  will  develop  and  coordinate  plans,  programs, 
budgets,  schedules,  work  descriptions,  and  reports  for 
consideration  by  the  Board.  The  District  Engineer, 
Detroit  District,  Corps  of  Engineers,  will  serve  as 
Chairman  of  the  Working  Committee. 

Advisory  Croup.  An  advisory  groun  will  be  formed 
to  provide  broad  representation  from  private  interests 
ip  the  planning  and  execution  of  the  demonstration 
program.  The  Advisory  Group  will  include  represen¬ 
tatives  of  industry,  labor,  consumers,  and  concerned 
citizens.  The  Advisory  Group  will  name  two  of  its 
members  to  serve  on  the  Board  and  two  representatives 
to  serve  on  the  Working  Committee.  Such  represen¬ 
tatives  will  serve  on  the  Board  and  Working  Com¬ 
mittee  for  terms  of  one  year  and  may  be  named  to 
successive  terms  at  the  discretion  of  the  Advisory 
Group.  The  Board  and  the  Working  Committee  will 
consult  the  Advisory  Group  to  obtain  proposals  for 
demonstration  activities,  recommendations  on  the 
conditions  under  which  extended  season  navigation 
should  be  carried  out,  and  the  results  of  the  demonstra¬ 
tion  program  each  year  for  all  affected  private  in¬ 
terests. 

4.  FUNDING 

Funding  of  investigations  and  demonstration  ac¬ 
tivities  will  be  both  by  appropriations  under  authority 
of  Section  107(b),  PL  91-611,  and  by  separate  ap¬ 
propriations  of  the  various  participating  agencies  and 


interests.  The  Working  Committee  will  assemble  a 
coordinated  budget  showing  the  agency  requests  for 
funds  from  demonstration  program  appropriations 
and  the  amounts  which  agencies  propose  to  expend 
from  their  own  separate  appropriations  for  activities 
directly  related  to  the  demonstration  program.  The 
preparation  of  a  coordinated  budget  is  not  intended  to 
infringe  on  any  agency’s  freedom  to  use  its  own  funds, 
but  justification  of  requests  to  Congress  for  ap¬ 
propriations  must  be  based  upon  a  full  revelation  of 
the  various  sources  of  funds  supporting  the  total 
program.  .  . 

The  Board  will  review  the  coordinated  budget  re¬ 
quest  and  forward  its  recommendation  to  the  Office  of 
the  Chief  of  Engineers  for  incorporation  in  the  Corps 
of  Engineers  civil  works  budget.  Other  agencies  may 
defend  their  separate  appropriations  for  demonstra¬ 
tion  activities  based  upon  the  budget  recommen¬ 
dations  of  the  Board. 

Demonstration  program  appropriations  will  be 
allocated  to  participating  agencies  in  accordance  with 
the  recommendations  of  the  Board.  Upon  apportion¬ 
ment  by  the  Office  of  Management  and  Budget,  the 
funds  for  the  demonstration  program  appropriated 
under  the  authority  of  Section  107(b),  PI.  91-611,  will 
be  allotted  to  the  Detroit  District  by  the  Office  of  the 
Chief  of  Engineers.  The  District  Engineer,  Detroit  Dis¬ 
trict  will  furnish  to  each  lead  agency  a  reimbursable 
agreement  in  the  amount  approved  by  the  Board. 
Reimbursement  for  expenditures  will  be  based  on 
billingsfrom  each  lead  agency  to  the  Detroit  District. 

5.  PUBLIC  INFORMATION 

Success  of  the  demonstration  program  depends  upon 
an  effeclive.public  information  program  toexplainthe 
objectives  and  the  issues  involved  in  extension  of  the 
navigation  season  on  the  Great  Lakes  and  the  Saint 
Lawrence  Seaway.  The  Working  Committee  will  serve 
as  the  means  of  coordinating  public  information  ac¬ 
tivities  of  all  program  participants,  subject  to  policy 
guidance  from  the  Board.  Each  agency  represented  on 
the  Working  Committee  will  advise  the  Chairman  of 
the  Working  Committee  when  his  agency  proposes 
making  public  announcements  or  undertaking  other 
significant  public  information  activities  related  to  the 
demonstration  program.  The  Working  Committee 
Chairman  will  notify  the  other  agency  representatives 
of  such  announcements  or  activities,  for  their  advance 
information. 

Public  meetings  for  the  purpose  of  public  participa¬ 
tion  in  the  demonstration  program  will  be  conducted 
jointly  by  the  participating  agencies  under  the  policy 
guidance  of  the  Board. 
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APPENDIX  L 

REFERENCE  LIST,  GLOSSARY,  AND  ABBREVIATIONS 


These  references,  glossary,  and  abbreviations  were  used  in  the 

preparation  of  the  Main  Report,  Environmental  Impact  Statement,  and 

Appendixes . 

Further  references  are  to  be  found  after  the  Economic, 

Environmental,  and  Social  appendixes. 

REFERENCE  LIST 

REPORTS  PREPARED  IN  CONNECTION  WITH  THE  WINTER  NAVIGATION  PROGRAM 

1.  Survey  Report  on  Great  Lakes  and  St.  Lawrence  Seaway  Navigation 
Season  Extension,  Office,  Chief  of  Engineers,  22  December  1969. 

2.  Navigation  Season  Extension  Studies  -  Gulf  of  St.  Lawrence  to 
Great  Lakes,  yearly  reports  by  Canadian  Marine  Transportation 
Administration,  Canada,  Ministry  of  Transport. 

3.  The  Great  Lakes  and  St.  Lawrence  Seaway  Study  of  Insurance  Rates, 
June  1972,  U.S.  Department  of  Commerce,  Maritime  Administration; 
and  1979  update. 

4.  Oil  Pollution  Problems  Associated  with  the  Extended  Navigation 
Season,  1973,  Commander  W.  E.  Mason,  U.S.  Coast  Guard,  for  the 
Environmental  Evaluation  Work  Group  of  the  Great  Lakes-St. 
Lawrence  Seaway  Navigation  Season  Extension  Demonstration 
Program. 

5.  Environmental  Review  Report  for  Demonstration  Bubbler  System  in 
the  Superior  Entry,  Duluth-Superior  Harbor,  May  1973,  prepared  by 
National  Biocentrics,  Inc.,  for  the  U.S.  Army  Corps  of  Engineers, 
St .  Paul  District. 

6.  Lake  Erie-Niagara  River  Ice  Boom  Study,  January  1974,  R.  R.  Rumer 
and  Acres  Consulting  Services,  Ltd.,  for  the  International  Joint 
Commission's  International  Niagara  Board  of  Control. 

7.  St,  Lawrence  Seaway  System  Plan  for  All  Year  Navigation,  February 
1974,  Arctec,  Inc.,  for  the  St.  Lawrence  Seaway  Development 
Corporation. 
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8.  Report  on  Effect  of  Winter  Navigation  on  Erosion  of  Shoreline  and 
Structure  Damages  Along  St.  Marys  River,  Michigan,  March  1974. 

9.  System  Study  to  Extended  Navigation  Season  on  St.  Clair-Detroit 
Rivers  System,  Corps  of  Engineers,  Detroit  District,  August  1974. 

10.  Winter  Recreation  and  Navigation  -  St.  Miiys  River  System,  May 
1975,  Lake  Superior  State  College  for  the  Bureau  of  Outdoor 
Recreation. 

11.  Year  End  Work  Groups  Reports,  FY-72,  73,  74,  and  75  for 
Demonstration  Program  activities: 

Ice  Information; 

Ice  Navigation; 

Ice  Engineering; 

Ice  Control; 

Ice  Management; 

Economic  Evaluation;  and 

Environmental  Evaluation. 

12.  Model  Study  of  the  Little  Rapids  Cut  Area  of  the  St.  Marys 
River,  Michigan,  Corps  of  Engineers,  Detroit  District,  December 
1975. 

13.  Winter  Navigation  Board's  1st,  2nd,  3rd,  and  4th  Annual  Reports, 
Special  Status  Report  (1974),  and  Demonstration  Program  Report 
(1976).  Final  Demonstration  Program  Report  (1979) — See  Appendix 

K. 

14.  Great  Lakes-St.  Lawrence  Seaway  Navigation  Season  Extension, 
Interim  Feasibility  Study,  Volume  I,  II,  &  III,  March  1976, 

Corps  of  Engineers,  Detroit  District. 

15.  The  St.  Lawrence  River:  Winter  Recreation  Activity  as  Related 
to  an  Extended  Navigation  Season,  July  1976,  Department  of  the 
Interior,  Bureau  of  Outdoor  Recreation. 

16.  Great  Lakes  Sociological  Assessment  Survey,  October  1976, 
Washington  Research  Consultant,  prepared  for  USDOC  Maritime 
Administration. 

17.  Drummond  Island  Ferry  Report,  December  1976,  U.S.  Army  Corps  of 
Engineers,  Detroit  District. 

18.  Great  Lakes-St.  Lawrence  Seaway  Navigation  Traffic  Model,  U.S. 
Army  Corps  of  Engineers,  North  Central  Division. 

a.  Traffic  Forecast  Study,  February  1976 

b.  Development  of  Logistics  Price  Filj,  October  1977 

c.  Winter  Rate  Study,  December  1975 
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.  Great  Lakes  -  Saint  Lawrence  Seaway  Navigation  Season  Extension 
Demonstration  Program  Draft  Overview  Report,  Thermal  Ice 
Suppression  Test,  Saginaw  Bay,  Michigan,  submitted:  6  October 
1977. 

20.  Evaluation  of  Shore  Structures  and  Shore  Erodibility:  St. 
Lawrence  River,  New  York  State,  December  1977,  St.  Lawrence 
Seaway  Development  Corporation. 

21.  Assessment  of  Shoreline  Areas  Potentially  Impacted  During  Winter 
Navigation  (Preliminary  Draft),  February  1978,  prepared  by  the 
U.S.  Army  Cold  Regions  Research  and  Engineering  Laboratory. 

22.  Environmental  Assessement,  FY  1979  Winter  Navigation 
Demonstration  on  the  St.  Lawrence  River,  Summary  volume  and  15 
studies  appended  as  technical  report  volumes,  June  1978, 
prepared  for  the  Winter  Navigation  Board  by  the  New  York 
Department  of  Environmental  Conservation. 

23.  Final  Report  -  Great  Lakes  Navigation  Season  Extension  Harbor 
Study,  2  Volume,  1  July  1978,  U.S.  Army  Corps  of  Engineers, 
Detroit  District. 

24.  Ice  Navigation  Related  Sedimentation  pp  393  to  403  of 
Proceedings,  Part  I  IAHR,  Symposium  on  Ice  Problems,  Lulea, 
Sweden,  August  1978,  prepared  by  the  U.S.  Army  Cold  Regions 
Research  and  Engineering  Laboratory,  and  Michigan  Technological 
University. 

25.  Regional  Economic  Benefits  of  Great  Lakes  -  St,  Lawrence  Seaway 
Navigation  Season  Extension,  August  1978,  Booz,  Allen,  & 
Hamilton,  Inc.,  for  the  U.S.  Army  Corps  of  Engineers, 

26.  The  Seaway  In  Winter,  A  Benefit/Cost  Study,  October  1978,  by  LBA 
Consultant  Partners  Limited  for  the  St.  Lawrence  Seaway 
Authority  of  Canada. 

27.  The  Energy  Impact  of  Great  Lakes-St.  Lawrence  Seaway  Navigation 
Season  Extension,  November  1978,  TERA,  Inc.,  for  the  U.S.  Army 
Corps  of  Engineers. 

28.  Disposal  of  Vessel  Wastes:  Shipboard  Shoreside  Facilities, 

Phase  One:  Blackwater,  by  the  Environmental  Research  Group, 

Inc.  for  the  U.S.  Department  of  Commerce,  Winter  Navigation 
Board,  February  1979. 

29.  Final  Report,  Winter  Navigation  Demonstration  Program,  Impact 
on  Levels  and  Flows  of  Lake  Ontario  and  the  St.  Lawrence  River, 
May  1979,  prepared  by  the  U.S.  Army  Corps  of  Engineers,  Detroit 
District. 
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30.  Draft  Computer  Simulation  of  Great  Lakes-St.  Lawrence  Seaway. 
Icebreaker  Requirements  Reports,  by  ARCTEC,  Inc.,  for  the  U.S. 
Department  of  Transportation,  U.S.  Coast  Guard  and  the  U.S.  Army 
Corps  of  Engineers,  June  1979. 

31.  Effects  of  Winter  Navigation  on  Waterfowl  and  Raptorial  Birds  in 
the  St.  Marys  River  Areas,  June  1979,  prepared  by  Northern 
Michigan  University  for  the  Winter  Navigation  Board. 

32.  St.  Lawrence  River  Fisheries  Study  July  1979,  prepared  by 
Biosystems  Research  Inc.  for  the  Winter  Navigation  Board. 

33.  Economic  Review  of  Winter  Navigation,  June  1979,  by  the  Great 
Lakes  Basin  Commission. 

34.  Disposal  of  Vessel  Waste:  Shipboard  and  Shoreside  Facilities, 
Phase  Two:  Graywater,  by  the  Environmental  Research  Group,  Inc. 
for  the  U.S.  Department  of  Commerce,  Maritime  Administration  and 
the  U.S.  Army  Corps  of  Engineers,  Winter  Navigation  Board,  July 
1979. 

35.  Season  Extension  on  the  Great  Lakes/St.  Lawrence  Seaway:  A 
Critique  of  the  Recommended  Plan  of  the  U.S.  Army  Corps  of 
Engineers,  July  1979,  by  the  Pennsylvania  State  Univetcity 
Transportation  Institute  for  the  New  York  State  Department  of 
Transportation. 

36.  Ship-Induced  Waves-Ice  and  Physical  Measurements  on  the  St. 

Marys  River,  July  19,  1979,  by  Water  Resources  Consultant  for 
the  Winter  Navigation  Board. 

37.  Effects  of  Ship-Induced  Waves  in  an  Ice  Environment  on  the  St. 
Marys  River  Ecosystem,  July  27,  1979  (Draft),  by  the  U.S.  Fish 
and  Wildlife  Service-Great  Lakes  Fishery  Laboratory. 

38.  Comparative  Study  of  the  St.  Marys  and  St.  Lawrence  Rivers 
showing  Biological  and  Physical  Similarities  in  Project  Area, 
July  31,  1979,  prepared  by  the  Great  Lakes  and  Marine 
Waters  Center  for  the  Winter  Navigation  Board. 

39.  Analysis  of  Control  Sites:  Limnology  and  Glaciology,  July  31, 
1979,  by  the  Department  of  Civil  and  Environmental  Engineering, 
Clarkson  College  of  Technology. 

40.  Waterfowl,  Waterbirds,  and  Raptors  Study,  St.  Lawrence  River, 
Part  II,  Glaciology — Pool  Characteristics,  July  31,  1979,  by 
Hazsieton  Environmental  Sciences  Corporation  for  the  Winter 
Navigation  Board. 


41.  Evaluation  of  Benthic  Dislocation  Due  to  Vessel  Induced  Waves 
Initiated  by  Vessel  Passage  in  the  St.  Marys  River,  July  31, 
1979,  by  Lake  Superior  State  College. 

OTHER  REPORTS 

42.  Great  Lakes  Harbors  Study,  November  1966,  U.S.  Army  Corps  of 
Engineers,  North  Central  Division. 

43.  Great  Lakes  Region  Inventory  Peport — National  Shoreline  Study, 
August  1971,  U.S.  Army  Corps  of  Engineers,  North  Central 
Division. 

44.  Origin-Destination  Study  of  Bulk  Commodity  Movement,  Upper  Great 
Lakes  Region,  June  1972,  U.S.  Army  Corps  of  Engineers,  North 
Central  Division,  under  a  cooperative  agreement  with  the  Upper 
Great  Lakes  Regional  Commission. 

45.  Vessel  Speed  and  Wave  Study,  Detroit  and  St.  Clair  Rivers, 
October  1972,  U.S.  Army  Corps  of  Engineers,  Detroit  District, 
and  St.  Lawrence  Seaway  Authority,  Canada. 

46.  Mississippi  River  Year-Round  Navigation  Study,  September  1973, 
U.S.  Army  Corps  of  Engineers,  North  Central  Division. 

47.  Lake  Erie-Lake  Ontario  Waterway  Study,  October  1973,  U.S.  Army 
Corps  of  Engineers,  Buffalo  District. 

48.  Summary  Report-  Great  Lakes  Simulation  Studies,  Volume  1  - 
November  1972,  Volume  3  -  December  1973,  Pennsylvania  State 
University  under  contract  to  U.S.  Army  Corps  of  Engineers,  North 
Central  Division. 

49.  Great  Lakes  Water  Levels  Studies  -  Main  report  entitled 
Regulation  of  the  Great  Lakes  Water  Levels,  December  1973,  and 

*  seven  appendixes,  International  Joint  Commission. 

50.  Plan  of  Study,  Great  Lakes  Connecting  Channels  and  Harbors 
Study,  U.S.  Army  Corps  of  Engineers,  Detroit  District,  May 
1978. 

51.  Great  Lakes  Basin  Framework  Study,  1975-1976,  Great  Lakes  Basin 
Commission. 

52.  Plan  of  Study,  St.  Lawrence  Seaway,  Additional  Locks  and  Other 
Navigation  Improvements,  U.S.  Army  Corps  of  Engineers,  Buffalo 
District,  June  1978. 
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Advance  Engineering  and  Design  Funds  (Preconstruction  Planning  Funds) : 

Funds  appropriated  by  Congress  to  formulate  the  authorized  project  plan  and 
develop  designs  to  the  stage  where  construction  funds  can  be  utilized. 

Such  advance  design  work  normally  includes  development  of  the  General 
Design  Memorandum  for  the  final  designs;  Master  Plan  for  Recreational 
Development;  real  estate  requirements;  developing  preliminary  cost 
allocations  where  applicable  and  obtaining  local  assurances  thereon;  and 
the  completion  of  plans  and  specifications  on  a  major  component  of  the 
project  scheduled  for  construction  in  the  first  year. 

Aids  to  Navigation:  Devices  external  to  a  craft,  designed  to  assist  in 
determination  of  the  position  of  the  craft,  a  safe  course,  or  to  warn  of 
dangers  or  obstructions.  (Should  not  be  confused  with  "Navigation  Aids"  - 
for  definition  see  below.) 

Air  Bubbler:  A  device  which  uses  air  bubbles  to  entrain  warmer  bottom 
water  and  pump  it  to  the  surface  to  retard  ice  formation. 

Anchor  Ice;  Ice  that  forms  on  solid  objects  below  the  water  surface  in  a 
river  or  stream,  as  a  result  of  water  being  supercooled  (below  32°F)  but 
not  freezing  due  to  the  swift  water  velocity. 

Annual  Financial  Cost:  Sum  of  the  annual  equivalent  of  the  investment 
cost,  the  annual  operation  and  maintenance  costs,  and  the  annual  equivalent 
of  major  replacement  cost.  (Includes  interest  during  construction). 

Authorization:  House  and  Senate  Public  Works  Committee  resolution  or 
specific  legislation  which  provide  the  legal  basis  for  conducting  studies 
or  constructing  projects.  The  money  necessary  for  accomplishing  the  work 
is  not  a  part  of  the  authorization,  but  must  come  from  an  appropriation  by 
Congress. 

Authorized  Project:  When  the  recommended  plan  is  passed  by  Congress  and 
signed  by  the  President,  it  is  said  to  be  "authorized."  Congress  must 
approve  funds,  by  a  separate  act,  for  studies  which  lead  to  a  General 
Design  Memorandum.  Congress  must  provide  funds,  by  still  another  act,  for 
construction  of  a  project. 

Benefit-Cost  Ratio:  The  arithmetic  ratio  of  estimated  average  annual 
dollar  benefits  to  average  annual  dollar  costs,  is  the  benefit-cost  ratio. 
The  relation  of  benefits  to  costs  represents  the  economic  justification  of 
a  project. 


Benefits:  Increases  or  gains,  net  of  associated  or  induced  costs,  in  the 
value  of  goods  and  services  which  result  from  conditions  with  the  project 
as  compared  with  conditions  without  the  project.  National  economic 
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benefits  include:  (a)  direct  output  increases,  (b)  use  of  unemployed  or 
underemployed  resources,  and  (c)  increases  in  output  resulting  from 
external  economies. 

Brash  Ice:  Small  fragments  of  lake,  river,  or  sea  ice  less  than  two  meters 
lr.  diameter. 

Break-up:  The  period  in  the  history  of  a  lake,  river  or  sea  ice  cover  when 
the  ice  layer  is  fragmented  by  wind  and  wave  action  and/or  thinning  by 
melting.  Mid-winter  storms  can  break  up  an  ice  cover;  however,  the  term  is 
commonly  used  for  the  disappearance  of  the  ice  cover  in  the  spring. 

Cake  Ice:  Blocks  of  broken  ice  of  various  sizes  greater  than  two  meters 
in  diameter. 

Compensating  Works:  Structures  which  help  to  maintain  a  desired  river  or 
lake  stage  to  offset  the  effects  of  dredging,  or  structures  which  change 
the  natural  flow  condition. 

Consolidated  Pack  Ice:  An  ice  cover  formed  by  the  packing  and  freezing 
together  of  ice  floes,  brash,  sludge  and  slush. 

Construction  Funds:  Funds  appropriated  for  construction  of  an  authorized 
project. 

Cubic  Feet  Per  Second  (CFS):  A  unit  expressing  rates  of  discharge.  One 
cubic  foot  (.0283636  cubic  meter)  per  second  is  equal  to  the  discharge  of  a 
stream  of  a  rectangular  cross  section,  one  foot  wide  and  one  foot  deep, 
flowing  water  an  average  velocity  of  one  foot  (.3048  meter)  per  second. 

Demonstration  Program:  A  program  to  demonstrate  the  practicability  of 
extending  the  navigation  season  on  the  Great  Lakes-St.  Lawrence  Seaway 
System.  The  program  identifies  operational,  social,  and  environmental 
problems  attending  winter  navigation  and  allows  testing  of  possible 
solutions.  Data  collected  under  the  program  are  being  utilized  in  the 
Congressionally  authorized  navigation  season  extension  Survey  study.  The 
Demonstration  Program  was  initiated  in  1970  and  completed  September  1979. 

Disbenefits:  Those  negative  impacts  of  a  project,  both  quantifiable  and 
non-quantifiable,  including  but  not  limited  to  monetary  costs.  These  are 
entered  on  the  cost  side  of  the  benefit-cost  calculation,  when 
quantifiable. 

Economic  Life:  The  period  determined  by  the  estimated  point  in  time  at 
which  the  combined  effect  of  physical  depreciation,  obsolescence,  changing 
requirements  for  project  services,  and  time  and  discount  allowances  will 
cause  the  cost  of  continuing  the  project  to  exceed  the  greater  than  the 
amortization  period,  and  may  be  equal  to  but  is  generally  less  than  the 
physical  life. 
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Environmental  Quality:  One  of  the  planning  objectives  required  by  the 
Water  Resources  Council  Principles  and  Standards  to  enhance  the  quality  of 
the  environmental  by  the  management,  conservation,  preservation,  creation, 
restoration,  or  improvement  of  the  quality  of  certain  natural  and  cultural 
resources  and  ecological  systems. 

Environmental  Validation  Report:  An  environmental  report  undertaken  to 
validate  the  favorable  or  unfavorable  nature  of  continuing  a  specific 
program  or  project.  The  report  is  prepared  to  assist  in  the  decision 
making. 

Fast  Ice:  An  ice  cover  which  remains  in  the  position  where  it  originally 
formed.  It  is  found  along  coasts  where  it  may  be  attached  to  the  shore,  or 
over  shoals  where  it  may  be  held  in  position  by  islands  or  grounded 
hummocks  or  ridges. 

Feasibility  Study  (also  referred  to  as  Survey  Study):  These  are  studies 
generally  undertaken  for  the  purpose  of  determining  feasibility  of  specific 
plans  to  solve  water  resource  problems.  In  general,  these  are  studies  for 
decision-making  purposes.  They  recommend  the  favorable  or  unfavorable 
nature  of  undertaking  a  specific  program  or  project.  The  study  presently 
being  undertaken  is  for  the  navigation  season  extension  on  the  Great 
Lakes-St.  Lawrence  Seaway  System,  beyond  the  normal  8  1/2  month  season, 
into  the  winter  months,  and  to  determine  the  extent  of  Federal 
participation.  The  study  will  determine  the  economic  justification, 
engineering  practicability,  and  the  institutional,  environmental  and  social 
impacts  of  an  extended  navigation  season,  utilizing  historical,  currently 
available,  and  to  be  gathered  data,  most  of  which  is  being  and  has  been 
collected  under  the  Demonstration  Program.  Based  upon  the  Survey  study. 
Congress  will  determine  the  desirability  of  season  extension  and  decide 
whether  a  "’ederally  supported  permanent  extension  to  the  navigation  season 
is  in  the  public  interest. 

Feature  Design  Memoranda;  A  document  generally  prepared  for  each  major 
element  of  the  project  during  the  postauthorization  stage  following  the 
approval  of  the  Phase  II  General  Design  Memorandum.  They  are  used  to  form 
the  basis  for  preparation  and  approval  of  the  more  complex  plans  and 
specifications. 

First  Cost:  The  total  project  construction  cost  including  costs  of  lands, 
relocations,  engineering,  design,  administration,  and  supervision. 

Fiscal  Year:  The  Federal  fiscal  year  commences  1  October  of  one  year  and 
ends  30  September  of  the  succeeding  year  (viz,,  the  Fiscal  Year  1977 
commenced  on  1  October  1976).  It  is  the  budget  year  used  for  programming 
and  funding. 

Frazil  Ice:  Fine  crystals  of  ice  suspended  in  water,  formed  in 
super-cooled,  turbulent  waters. 
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Gross  National  Product:  The  total  final  market  value  of  all  goods  and 
services  produced  by  an  economy  In  one  year. 

Habitat;  The  total  of  the  environmental  conditions  which  affect  the  life 
of  plants  and  animals. 

Hanging  Ice  Dam:  Ice  that  layers  beneath  the  water  surface  in  a  river  or 
stream  causing  retardation  to  the  normal  flow  of  water. 

Ice  Boom;  Generally,  wooded  logs  secured  together  with  cables  and 
installed  in  the  winter  across  river  channels  to  retard  the  flow  of  ice, 
and  not  that  of  water. 

Ice  Bridge;  Ice  that  arches  or  forms  a  bridge  across  a  flowing  river, 
generally  in  locations  where  velocities  are  less  than  2.5  feet  per  second. 
This  generally  occurs  in  wide  river  or  lake  areas  immediately  upstream  of  a 
narrow  river  channel.  An  ice  bridge  may  also  form  when  a  larger  ice  floe 
or  several  ice  floes  converge  to  form  an  ice  cover  across  the  channel. 

Ice  Control  Structures:  Structures  installed  in  winter  which  help 
stabilize  the  natural  ice  field  upstream,  but  does  not  significantly  retard 
the  flow  of  water  past  the  structures  (i.e.  ice  boom). 

Ice  Cover;  A  significant  expanse  of  ice  of  any  type  and  form  on  the 
surface  of  a  body  of  water. 

Ice  Floes:  Free-floating  sheets  of  ice,  usually  at  least  several  inches 
thick,  on  a  stream,  lake,  or  seas.  The  size  of  an  ice  floe  can  range  in 
size  from  fragments  two  meters  in  diameter  to  vast  floes  several  kilometers 
in  diameter. 

Ice  Jam;  In  rivers,  broken  ice  and  slush  tend  to  collect  in  areas  where 
downstream  movement  is  restricted  and  then  compacts  into  layers  many  feet 
thick.  This  ice  blockage  can  restrict  flow  and  generally  hinder  winter 
navigation. 

Ice  Retardation:  The  reduction  or  retardation  of  the  flow  of  a  river  due 
to  ice  cover. 

Ice  Ridges:  The  dynamic  action  of  wind  and  current  induced  ice  pressure 
can  cause  a  rafting  and  ridging  of  the  Ice  cover  that  can  reach  thicknesses 
as  great  as  30  feet  (9ra). 

Interest  and  Amortization;  The  annual  costs  of  interest  and  amortization 
utilized  in  cost  allocations  based  on  amortizing  the  project  investment 
over  a  50-year  period,  starting  on  the  in-service  dates. 

Interest  Rate:  The  interest  rate  to  be  used  in  determining  interest  during 
construction  and  annual  interest  charges  is  the  current  rate  for  Federal 
Water  Resources  Projects  at  the  time  of  the  estimate  applicable  to  the 
period  of  construction. 
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In  the  Public  Interest:  A  difficult  concept  considering  all  publics. 
However,  an  action  which  satisfied  most  publics  with  minimized  adverse 
results  might  adequately  be  "in  the  public  interest." 

Investment:  The  first  cost  plus  interest  during  construction. 

Lake  Ice:  The  columnar  structure  ice  sheet  resulting  from  the  freezing  of 
lake  waters. 

Lift  Lock:  A  canal  lock  serving  to  lift  a  vessel  from  one  reach  of  water 
to  another  such  as  from  the  downstream  side  to  the  upstream  side  of  a 
navigation  lock  and  dam. 

Lock:  An  enclosed  part  of  a  canal,  waterway,  etc.,  equipped  with  gates  eo 
that  the  level  of  the  water  can  be  changed  to  raise  or  lower  boats  from  one 
level  to  another. 

Lock  Operation:  Locks  fill  and  empty  by  gravity,  with  no  pumps  required  to 
raise  or  lower  the  water  level.  To  raise  the  water  level,  valves  are 
opened  above  the  upper  gates  and  water  flows  into  the  lock  through  tunnels 
under  both  lock  walls.  This  process  is  reversed  to  lower  water  in  the 
lock.  Valves  are  opened  below  the  lover  gates  and  water  drains  out  of  the 
lock  through  tunnels.  Gates  at  both  ends  of  the  lock  open  and  close 
electrically  after  the  proper  water  level  has  been  reached. 

Low  Water  Datum  (LWD):  A  standard  reference  elevation,  unique  for  each 
Great  Lake,  to  which  all  depths  on  hydrographic  charts  are  referred. 

Major  Replacements:  The  major  replacement  costs  are  determined  as  the 
interest  and  amortization  over  a  50-year  period  on  the  present  worth  of  the 
estimated  future  costs  expected  to  be  incurred  during  that  period. 

National  Economic  Development:  One  of  the  planning  objectives  required  by 
the  Water  Resources  Council  Principles  and  Standards  to  enhance  national 
economic  development,  by  increasing  the  value  of  the  nation's  output  of 
goods  and  services  and  improving  national  economic  efficiency. 

Navigation  Aids:  Any  instrument,  device,  chart,  message,  etc.,  intended  to 
assist  in  the  navigation  of  the  craft.  (Should  not  be  confused  with  "Aids 
to  Navigation"  -  for  definition  see  above.) 

Net  Benefits:  The  difference  between  average  annual  benefits  obtainable 
through  operation  of  a  project  and  average  annual  cost  of  project. 

Open  Water:  A  relatively  large  area  of  ice-free  navigable  water  in  an 
ice-encumbered  lake  or  sea.  Characterized  by  less  than  1/10  ice  cover. 
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Pack  Ice;  A  general  term  used  to  include  any  form  of  floating  ice  other 
than  fast  ice  regardless  of  its  form  or  concentration. 

s  * 

Pancake  Ice;  Circular- flat  pieces  of  ice  with  a  raised  rim;  the  shape  and 
rim  are  due  to  drifting  and- repeated  collisions  with  other  ice  floes. 

Phase  I,  General  Design  Memorandum  (GDM):  The' first  step  of  the 
post-authorization  stage  (Phase  I). Bridges  the  gap  between  the  time  when 
a  survey  report  is  completed  and  authorized,  and  the  initiation  of  detailed 
engineering  and  design  (Phase  II)  of  the  authorized  plan.  Seeks  to 
identify,  assess  and  evaluate  changes  that  may  occur  in  order  that  a 
reformulation  of  the  authorized  plan  may  be  made  where  these  changes  are 
significant,  before  proceeding  in  the  Phase  II  GDM  stage. 

Phase  II,  General  Design  Memorandum  (GDM):  The  document  prepared  during 
the  second  step  of  the  post-authorization  stage  and  prepared  after  approval 
of  the  Phase  I,  GDM.  Should  be  primarily  a  functional  design  document 
concerned  with  the  engineering  of  the  structures  necessary  to  achieve  the 
project  formulated  in  Phase  I  stage. 

Phase  I  Studies:  Studies  made  during  the  preparation  of  the  Phase  I 
General  Design  Memorandum  document  which  seek  to  identify,  assess  and 
evaluate  changes  that  may  occur  during  the  first  step  of  the 
post-authorization  stage. 

Phase  II  Studies;  Principally  detailed  engineering  and  design  studies  done 
during  the  preparation  of  the  Phase  II  General  Design  Memorandum  document. 

Pile  Dike:  A  dike  constructed  of  posts  or  similar  piling  driven  Into  the 
soil. 

Poisson  Distribution:  A  frequency  distribution  which  approximates  the 
binomial  distribution  when  the  probability  of  success  in  a  single  trial  is 
very  small  and  the  number  of  trials  is  very  large. 

Postauthorization  Studies:  Planning  and  design  that  is  accomplished  after 
the  project  is  authorized.  Includes  the  Phase  I  and  TI  General  Design 
Memorandum  documents  and  the  Feature  Design  Memoranda,  if  necessary. 

Preauthorization  Studies:  Feasibility  studies  made  prior  to  and  leading  to 
authorization  of  a  project.  Survey  and  review  reports  sometimes  cover  more 
than  one  project,  in  which  case  the  cost  of  preauthorization  studies  for  a 
given  project  would  be  the  portion  of  the  study  cost  allocable  to  that 
specific  project.  (See  Feasibility  Study) 

Preconstruction  Planning:  That  planning  work  on  an  authorized  project 
necessary  to  advance  the  project  to  the  stage  where  the  first  major 
construction  contract  may  be  advertised  after  construction  funds  are 
appropriated.  Is  the  same  as  post-authorization  studies. 
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Primary  Benefits:  The  identifiable  net  values  of  the  goods  or  services 
resulting  directly  from  the  project.  They  are  obtained  by  deducting  from 
the  gross  benefits  all  cost  of  realization,  except  the  economic  costs  of 
the  project.  Examples  of  primary  benefits  are  the  net  savings  in 
transportation  costs,  the  flood  or  other  damages  prevented,  increased  land 
utilization,  recreation  benefits,  and  the  net  value  of  power  produced. 

Principles  and  Standards:  Short  title  for  "Establishment  of  Principles  and 
Standards  for  Planning  Wa.ter  and  Related  Land  Resources,**  which  was 
published  in  the  September  10,  1973  Federal  Register.  The  Water  Resources 
Planning  Act  (PL  89-80). 

Secondary  Benefits:  These  benefits  usually  include  improved  economic  and 
business  conditions  and  returns  outside  of  immediate  project  Influence. 

Shore  Ice:  A  stable  ice  sheet  attached  to  the  shoreline. 

Sludge:  An  accumulation  of  soft  ice  mixed  with  slush. 

Slush  Ice:  Compact  accretion  of  snow  frazil  and  ice  particles  projeced  by 
wind  and  wave  or  ship  action  along  the  shore  of  lake  or  in  long  stretches 
of  turbulent  flow  in  rivers. 

Socio-environmental  Considerations:  The  consideration  of  the  environment 
which  is  essential  to  the  health  and  well-being  of  people. 

Solid  Blue  Ice:  Uniform  and  almost  transparent  ice  formed  in  lakes  and 
rivers,  generally  in  low  velocity  areas. 

Survey  Studies:  See  "Feasibility  Studies". 

System:  For  the  purposes  of  this  document,  each  and  every  reference  to  the 
'‘Great  Lakes-St.  Lawrence  Seaway  System",  "entire  system",  or  "system",  is 
intended  to  include  all  waterways  that  are  or  may  be  used  or  affected  by 
vessels,  navigation  equipment,  port  facilities,  and  other  resource 
commitments  associated  with  year-round  navigation.  It  is  understood  that 
the  fundamental  purview  of  this  document  is  limited  to  waters  under  United 
States'  jurisdiction  unless  further  authority  is  granted  through 
international  agreement. 

Young  Ice:  Newly  formed  ice  with  thickness  from  5  to  15  centimeters. 

Wlndrowed  Ice:  Ice  that  is  layered  or  piled  into  ridges  resulting  from 
wind  blowing  over  an  ice  field. 
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ABBREVIATIONS 


AE  &  D 
ASCII 

B/C  or  B/C  Ratio 

BEA 

BLS 

BOD  ' 

BOR 

cfs 

CG 

COE 

CONRAIL 

CRREL 

CZM 

DA 

DEIS 

DOC 

DOD 

DOI 

DOS 

DOT 

EA 

EAGLE 

EIS 

ES 

EPA 

EQ 

EPIRB 

EPOA 

EPOS 


Advance  Engineering  and  Design 
American  National  Standard  Code  for  Information 
Interchange 
Benefit/Cost  Ratio 
Bureau  of  Economic  Analysis 
Bureau  of  Labor  Statistics 
Biochemical  Oxygen  Demand 
Bureau  of  Outdoor  Recreation  (NOW  HCRS) 

Cubic  feet  per  second 
Coast  Guard 
Corps  of  Engineers 
Consolidated  Rail  Corporation 
Cold  Regions  Research  &  Engineering  Laboratory 
Coastal  Zone  Management 
United  States  Department  of  the  Army 
Draft  Environmental  Impact  Statement 
United  States  Department  of  Commerce 
United  States  Department  of  Defense 
United  States  Department  of  Interior 
United  States  Department  of  State 
United  States  Department  of  Transportation 
Environmental  Assessment 
Environmental  Assessment  of  the  Great  Lakes 
Ecosystem 

Environmental  Impact  Statement 
Environmental  Statement 
Environmental  Protection  Agency 
Environmental  Quality 

Emergency  Position  Indicating  Radio  Beacon 
Environmental  Plan  of  Action 
Environmental  Plan  of  Study 
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ABBREVIATIONS  (Cont.) 


ERDA 

FERC 

FORTRAN 

FPC 

f  ps 

F&WS 

GDM 

GLBC 

GLC 

GLERL 

GLIMS 

GL/SLS 

GNP 

HCRS 

ICC 

IGLD 

IGLLB 

IJC 

INC 

LOT 

LORAN-C 

LWD 

MARAD 

MI)  NR 

MSD 

NASA 

NED 

NEPA 

NOAA 

NYDEC 


Energy  Research  &  Development  Agency 
Federal  Energy  Regulatory  Commission 
Formula  Translation 
Federal  Power  Commission  (NOW  FERC) 

Feet  per  second 
Fish  and  Wildlife  Service 
General  Design  Memorandum 
Great  Lakes  Basin  Commission 
Great  Lakes  Commission 

Great  Lakes  Environmental  Research  Laboratory 
Great  Lakes  Information  Management  System 
Great  Lakes-St.  Lawrence  Seaway 
Gross  National  Product 

Heritage  Conservation  and  Recreation  Service 
(Previously  Bureau  of  Outdoor  Recreation) 
Interstate  Commerce  Commission 
International  Great  Lakes  Datum 
International  Great  Lakes  Levels  Board 
International  Joint  Commission 
Ice  Navigation  Center 
Lowest  formal  Tide 
Long  Range  Navigation 
Low  Water  Datum 
Maritime  Administration 
Michigan  Department  of  Natural  Resources 
Marine  Sanitation  Device 

National  Aeronautics  and  Space  Administration 
National  Economic  Development 
National  Environmental  Policy  Act 
National  Oceanic  and  Atmospheric  Administration 
New  York  Department  of  Environmental  Conservation 


ABBREVIATIONS  (Cont.) 


0  &  M 
OBERS 

OCE 

OMB 

PASNY 

PAWNS 

P.L. 

RACONS 

RD 

RDEIS 

RRT 

R/T 

SLAR 

SLSA 

SLSDC 

SMSA 

SS 

SWB 

TCFS 

TP 

use 

USDA 

WNB 

WNRNW 

WRC 


Operation  &  Maintenance 

Office  of  Business  Economics/Economic  Research 
Service 

Office  of  the  Chief  of  Engineers 
Office  of  Management  and  Budget 
Power  Authority  of  the  State  of  New  York 
Precise  All-Weather  Navigation  System 
Public  Law 

Radar  Transponder  Beacons 
Regional  Development 

Revised  Draft  Environmental  Impact  Statement 

Regional  Response  Teams 

Radio  Telephone 

Side  Looking  Airborne  Radar 

St.  Lawrence  Seaway  Authority  of  Canada 

St.  Lawrence  Seaway  Development  Corporation 

Standard  Metropolitan  Statistical  Area 

Suspended  Solids 

Social  Well  Being 

Thousand  Cubic  feet  per  second 

Total  Phosphorus 

United  States  Code 

United  States  Department  of  Agriculture 
Winter  Navigation  Board 
Winter  Navigation  Research  Needs  Workshop 
Water  Resources  Council 
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